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The recent review of the water temperature effects of Hells Canyon Complex on the
Snake River fall Chinook by Groves, Chandler and Myers (2007) is evaluated here in
each of its eight major parts. The work put into this IPC review was substantial and was
thoughtfully done. Also, much new information was brought forward to this complex
discussion that is useful in getting a fuller appreciation of the issues. Despite the depth of
the response to each of the eight topic areas, it is my view that the IPC review does not
present evidence on any of the topics that can argue successfully that providing warmer
temperatures in the spawning season, allowing the thermal shift to persist, or that not
addressing the summertime thermal problems below HCD is not a detriment to the Snake
River fall Chinook. This is especially true given the substantial temperature increases
that have already occurred in the Snake River in the last 50 years and the expected water
temperature increases in the Snake River mainstem due to global climate change.

Also included is a brief discussion of Ehist. This was a computer temperature modeling
effort conducted by IPC. In summary, much of the new information presented by IPC
actually serves to further support the contention that IPC can make significant beneficial
improvements to Snake River fall Chinook survival and production below HCD by
effectively controlling water temperatures. :

Adult Migration

3. The primary effect of this altered thermal regime to the vantous hife stages are as
follows:

a. Adult migration — There has been no apparent shift 1 adult migrahion hming.
Adult fall Chinook salmon experience a similar period of exposure to
temperanures elevated above 20 °C between mid-August and mmd-September as
they did pre-HCC, but experience a lower maximum temperature than occurred
historically. This 1s based on water temperatures present at Central Ferry in the
early to mid-1950"s, prior to construction of the HCC or the lower Snake River
TESeIVOLrs.

This statement above concerning the current temperature exposure of Chinook appears to
refer primarily to the temperatures experienced from the mouth of the Snake River
through Lower Granite Reservoir. The basis for this statement is not given. There is no
indication what is really implied by “similar.” The comparison appears to be made
between current temperatures from mid-August to mid-September vs. the temperatures in
the mid-1950’s (1955-1958). Elsewhere, IPC argues that temperatures in the mid-1950s



are not suitable in establishing the baseline for the HCC because of the extensive
development that had occurred in the Snake River plain. This argument also holds true
for the lower Snake. Temperatures in the mid-1950’s were undoubtedly significantly
altered from historical values. In addition, a comparison with current Snake River
temperatures is a comparison against the river modified by significant water releases
from Dworshak Reservoir. Possibly Groves et al. (2007) are trying to establish that the
addition of HCC to the Snake River didn’t further alter the adult migration timing that
was observed in the mid-1950s. However, water temperatures measured at Central Ferry
(downstream of Lower Granite Dam, RM 83.2) in the mid-1950s with numerous pre-
existing IPC dams other than the HCC, compared against current temperatures that
represent effects of Dworshak releases, long-term global warming, and the addition of
HCC is not a reassuring basis for claiming that temperature exposure and adult migration
timing have not changed. If anything, it argues that the combination of climate change
and HCC have negated the beneficial effects of the Dworshak releases, keeping the Snake
River at the mid-1950s status as a thermally perturbed river.

Groves et al. (2007, p. 1) i : )
Dam and as a result of the Hells Canyon Complex. Generally, upstream of the Hells
Canyon Complex is warmer during the spring and summer months relative to the pre-
developiment era (pre-1860). This thermal inertia influences the magnitude and duration
of the thermal shift downstream of Hells Canyon Dam that was created by the operation
of the HCC. This paper discusses what the effect of those changes are to fall Chinook

Is the “period of exposure” meant to imply that the accumulated time of exposure to
temperatures >20°C is equal for the two different eras? It is likely that daily temperature
fluctuation in the predevelopment period (free-flowing river) was greater than today with
the reservoir system. Without some context, a statement such as this does not carry much
meaning.

The Central Ferry water temperatures that were measured between 1955 and 1958
occurred before the HCC or lower Snake reservoirs were constructed. The use of Snake
River water temperatures from the mid-1950s is not highly reflective of natural
temperatures for the river given the high level of development that had already occurred
in the Snake basin by this time. Also, there were 13 major hydropower dams on the
Snake River above the HCC that preceded 1958. Of these dams, 11 of the 13 are owned
by Idaho Power Company. (See notes for details). In addition, the current temperatures
between mid-August and mid-September referred to are significantly influenced by
coldwater releases from Dworshak Reservoir. So, a comparison of cooled lower Snake
River temperatures against an elevated baseline thermal regime from the mid-1950s
(which was noted as having greater maximum temperatures than the current regime is not
a good basis on which to argue that there has been no apparent shift in adult migration
timing. Both temperature regimes likely represent elevated thermal conditions and
consequently, probably would both be linked to alterations in adult migration timing or at
last altered thermal exposure during migration from pre-development.



Central Ferry water temperatures from 1957 and 1958 were very similar to those taken at
Oxbow in the same years (USACE 1999, see figures in notes). If these temperatures are
the same and the Central Ferry temperatures reach maxima of 25°C by mid-August
(Groves et al.2007, p. 18), and the current temperatures upstream of HCC are warmer
than pre-1860°s temperatures (Groves et al. 2007, p. 1, p. 9), then it seems reasonable to
conclude that temperatures throughout the entire Snake River mainstem in the 1950s -
were higher than before significant development.

p. 39 Groves et al. (2007) state:
H miggrating adult fall Chinocok salmon were to remain m the viemuty of Ice Harbor Dam
{close to the mowth of the Snake River), it 1s concervable that they counld be exposed to
temperatures =19.0°C for about 46 days {with a maximum mean temperatare of about
22.0°C). However, as has been discussed earlier, migrating adult salmon have been
observed fo guickly move through these areas {Peery et al. 2003). Sinularly, if adult fall
Chinook salmon remained in the viemity of Lower Granite Dam, # is conceivable that
they could be exposed to temperatures of approximately 19°C for about 28 days (with a
maxurun mean temperature of about 18.5°C). It generally takes aduit salmon only a
couple of days to navigate through the Lower Gramite Reservoir and 1nto the vicinity of
the lower Clearwater River and the lower Hells Canvon Reach of the Snake River It may

There have been numerous references to migration blockages that have occurred at
temperatures of approximately 21-23°C (McCullough et al. 2001). This tends to be
exacerbated when dissolved oxygen concentrations are low. Other studies have shown
that impoundments can facilitate upstream passage rate by reducing flow velocities.
However, temperatures >20°C are also responsible for significantly reduced rates of adult
travel to spawning grounds (Goniea et al. 2006, see notes). In addition, maximum
swimming speed in PIT-tagged Chinook was observed at 16.3°C (Salinger and Anderson
2006, see notes). Slowed migration is associated with cumulative effects of the
hydrosystem and impairs migration success (Naughton et al. 2005, see notes).

Pre-spawn mortality

b. Pre-spawn mortality — Some level of pre-spawning mortalsty among anadromous
salmonids 1s cotmon. There 13 evidence that adult salmon in hatchery holding
environments exposed to prolonged periods of water temperatures = 19 °C could
be subject to significant pre-spawn mortality. In hatchery holdmg situations, the
meortality 18 nsually associated with increased susceptibility to disease. However,
fish-to-redd ratios documented in the Snake River do not suggest excessive pre-
spawn mortality of fall Chmook salmon. It may be that the non-confined
environment of a large river under a naturally decliming thermal regume and the
availability of cooler refuge makes fish less susceptible to disease and mortality.
In additton. the HCC has cocled late summer outflows relatrve to levels
assoctated with the mflow temperature and the operations of Dworshak Reservoir
substantially cocl areas associated with Lower Granite Reservowr and create
thermal refugia dunng the early pre-spawn environment such that conditions
prevalent today are better than conditions prior to the HCC.



IPC acknowledges that holding temperatures >19°C have been noted as causing excess
mortalities. This contention is supported by Berman and Quinn (1989).

IPC implies that the Snake River below HCD is not subject to this impact because (1)
temperatures there are not excessive or not “prolonged,” and (2) diseases that often
accompany or are linked to thermal death are more associated with hatchery situations.
Temperatures below HCD during the holding period (approx. September to December)
have temperatures >19°C (and >20°C as the ODEQ temperature standard) during
September and to mid-October. While disease incidence is more common in hatchery
environments than in the wild, diseases are certainly known from stream environments
and are thought to be much more common than typically assumed (Hershberger 2002,
cited in Ruggerone 2004).

A large river has a lower contagion factor due to lower density of fish than would be
typical of hatchery environments. However, passage through dams concentrates fish in
fish ladders where salmonids come into contact with many fish species and diseases.
This has long been considered to be a key mechanism for disease propagation.
Warmwater disease incidence and proliferation increase significantly at temperatures
above 15°C. Concentration of fish into thermal refugia in a warmed river also increases
risk of disease spread. In addition, historic fall Chinook population densities were far
greater than those of today so population density needs to be higher in the future and less
susceptible to warmwater disease. Dam operations should not be in the position of
claiming credits for maintaining low population densities in the interest of reducing
disease transmission. It is more appropriate to maintain temperatures within standards
and near historic values and timing to ensure low disease levels.

Groves et al. (2007) state:
p. 39 '
Within the Snake River, adult fall Chinook salmon can pass into and hold withm several
different river reaches, afl having different thermal charactenistics. As well, if adult fish
withim the Snake River are experiencing less than optimal water temperature, they have
the ability to freely move among the vanous reaches and seek out thermal refuges. Fish

.39
pcnoier temperatures {generally a maximm of approximately 15°C). Near the confluence
of the Snake and Clearwater rivers, there is a significant cool water refuge available for
upstreamn migrating adult fall Chinook salmon, largely because of the cooling effect of
releasing water from Dworshak Reservoir. The earfiess fish entering the lower Halls
Canvon Reach of the Snake River could conceivably experience water temperatures
>19.0°C for about 32 days (with a maxnnum mean temperature of about 22.0°C). Agam,



if these fish experience thermal stress, they could move back downstream into a mere
amenable thermal refuge near or wn the Clearwater River, or could even continue moving
uvpstream mio areas where other thermal refuges exust. For example, water entering the .
Snake River from the Grande Ronde River (Snake RM 168) tends to be <19.0°C by 1
September, and is cooling rapidly. There are also stmilar cool water refuges further
upriver near the mouihs of the Salmon and Innaha nvers, and at many other smaller
tributartes throughout the vpper Hells Canvon Reach (such as Divide Creek, Zig-Zag

However, Connor et al. (2005, see notes) and Clabough and Stuehrenberg (2006, see
notes) state that thermal refugia are limiting in the contemporary fall Chinook spawning
areas. Berman and Quinn (1991, see notes) state that the availability of thermal refuges
can affect population productivity. Also, even if cooler refuges exist in certain points in
the Snake system, the need to hold there until late in the season prior to spawning and
then to migration upstream to re-establish spawning sites upstream may tax the ability of
the fish to adapt to the spatial limitation in refuge availability.

From the compilation of small tributaries cited by Groves et al. (2007) it is unclear that
the fall discharge provided by these tributaries would be significant enough in volume
and cold water to provide a thermal refuge and whether if these flow entry points that
might exist are sufficiently shielded from mixing with the mainstem flow that they create
a significantly large refuge. It is likely that these represent only potential points of refuge
assuming flows are not diverted or that water temperature are not heated from land use
practices. I believe that it is the intent of EPA that the mainstem would achieve summer
temperatures < 20°C but in the process of specifying this general temperature limit, there
should be refugia that are well-distributed to provide temperatures that are more nearly
optimum for salmon holding. IPC should not be counting on fall Chinook to hold for
prolonged periods in the Clearwater, only to dash up to the HCD to spawn (see Keefer et
al. 2004, in notes). It also cannot promote temperatures >20°C and then rely on thermal
refugia that may or may not be present to compensate for the lack of temperature
regulation.

The 7-DADM temperature of 13°C for spawning as adopted by Oregon and Idaho is
based on the 7 days following October 23 (the assigned average first day of spawning).
This running average of the daily maximum temperature is based on October 23-29. This
means that the temperature on October 23 might be, for example, 14.0°C and on October
29 it might be 12.5°C. If the average daily maximum for this 7-day period is < 13°C, it
would meet the standard. This system of temperature accounting permits IPC to keep
temperatures higher for longer in the fall than seems justifiable. That is, spawning
between October 23 and October 26 is apt to be at a temperature >13.0°C. Achieving a
temperature of 13°C on October 23 +3 days (i.e., an average of October 20-26) would
seem more appropriate.



Groves et al. (2007, p. 56)

treatinent. These eggs had a final mortality of 13%, and had been inttially exposed to a
water temperature of 13.6° C for 3 days. Unforfunately, as with all other studies, no
rephicates were mamtamed within any temperature treatment. Therefore, there was no
possibility to test for statistical differences due to treatments. However, the data from the
spawning of 24 September strongly suggest that final mortality 1s not so mmch due to the
actual thermal exposure, but more to the length of time that emibryos are exposed to an
elevated water temperature (Figure 11).

i)
23
20 L2
e
=
3; 20
§ ==
S 40
% 36 :
25
10 L
] T T T T T T
] 10 28 30 48 ] &0 78
Exposure Time {days)

Figure 11. Percent mortality of Chinook salmon embrycs dependant on exposure time
(dlays} to water temperature of approximately 15.6 degrees C (data from Healey
1979).

Groves et al. make two points in the material above from p. 56 concerning the Healey
(1979) paper. On this paper and on many others they lay the criticism that there are no
replicates for temperature-exposure combinations. It is definitely desirable to have
replicates but it is far from a fatal flaw in these studies not to have them. For example, if
a study examined the response to 3 constant temperatures, 10, 13, and 17°C, with
replication and it showed that at 17°C there was 100% mortality but at 13°C mortality
was 5%, is this better than a study that showed the response to 10, 12, 14, 15, 16, and
17°C without replication? In the second study it might be revealed that there was 5%,
15%, and 30% mortality at 12, 14, and 15°C, respectively. This study provides more
information than does the one with replication.

Groves et al. (2007) are correct in pointing out that thermal effects are a function of both
temperature and exposure time. This is not new information, however. It is the basis for
all incipient lethal temperature studies that have been done. However, temperature
effects during incubation have generally been studied using constant temperatures.
Groves et al. point out the effects of exposure times using the Healey (1979) data at
15.6°C. According to their graph, percentage mortality increases from approximately
12% at 5-days exposure to 31% at 15-days exposure, and 83% mortality at 60-days
exposure at 15.6°C. If the constant incubation temperature were raised to 16.5°C, one



would expect higher percentage mortalities at all exposure times. Groves et al. might
argue that mortalities in a 1-day exposure as opposed to 5-day are minimal and of no
consequence to the listed population. However, above the optimal incubation
temperature of 13°C set by EPA, incremental increases in mortality were anticipated.
IPC counts on only a 0.2°C reduction per day which for all intensts is a relatively
constant temperature over the initial 5 days. It is for this reason that an incubation
temperature toward the high end of optimal was selected as a threshold. EPA recognized
that temperatures decline during the initial incubation period, are relatively stable during
the middle incubation period, and rise in spring for the Pacific salmon. It would not be
acceptable to maintain a temperature of 13°C during winter, even though it is identified
as within the optimum range, because of the implications in emergence timing, which are
dependent upon acquiring needed thermal units to emigrate at ecologically opportune
times. Also, excess mortalities are avoided by application of an initial spawning
temperature of 13°C (upper end of optimum). If temperatures were as benign as implied
by IPC between 13 and 16.5°C, earlier spawning at these temperatures could occur prior
to October 23.

Groves et al. (2007, p. 20).

survival of adult Clunook salmon pnor to spawning. All of the pertinent hiterature
available pertaiming to Chinook salmon pre-spawn mortality m relation fo water
temperature is based on studies of spring or summer Chinook salmon {Coutant 1970,
Becker 1973, Lindsay et al. 1989, Berman 1990, Jensen et al. 2005, Jensen et al. 2006).
The actual canse of death in most all cases s outbreak of disease associated with long
exposure times (as mmch as seven weeks) at elevated water temperatures (=19.0°C) and
fish being held m stressful conditions and in close contact wath each other (e.g. hatchery
holding ponds).

The statement above by Groves et al. (2007) overlooks much available literature on pre-
spawning mortality of fall chinook. Much pre-spawn mortality data are available from
California rivers and is cited by State of California (2004, see notes) for the Lower
Feather River and other California rivers. Although hatchery conditions can exacerbate
disease effects, it is inaccurate to imply that pre-spawning mortality is a problem only
where fish are being held under hatchery conditions.

Brown and Geist (2002) studied the energy expenditure of Klickitat River fall chinook.
They found that the extreme energy demands on these fish combined with delays in
spawning could result in inability to spawn. Given the far greater energy demands on
Snake River fall Chinook spawners, it is likely that bioenergetic concerns on spawning
ability would be greater. This argues for moderated pre-spawning and migration
temperatures to improve the spawning success. :



Gamete Viability

c. Gamete viability — A through review of the hterature demonstrates that studies
often cited to suggest reduced gamete viability as a result of prolonged exposure
to warmer temperatures should not be cited as supporting lterature. The studies
typically were not designad to address the question. One study that could be cited

“as supporting evidence (Jensen et al. 2(006) did not hold adult Chinook salmon m

a dechnmg thermal regune tyvpical of a averme environment, but rather
exemphfied relatrvely long-term (40-days) exposure to  elevated water
temperatures. In addition, the control group held fish i a constant thermal
environment of between 8 and 9 °C, which cannot be compared to a declinmng
thermal regmume under more normative eavironments. Based on the available
informanon, it s diffienlt to conclude that the HBCC has had an adverse effect on
development of gametes in returning adult fall Chinook salmon.

The comment that any study is invalid that does not utilize a declining thermal regime to
examine the effect of temperature on gamete viability is itself invalid. Holding by fall
Chinook prior to spawning occurs during September and October and into December in
the Snake River. Temperatures do not significantly decline from summer to October 1
below HCD. From July 9 to September 27, 1998, there was an 80-day period in which the
temperature of the Snake below HCD varies from 20 to 23°C. Between September 1 and
October 10, temperatures vary from approximately 22 to 18°C. The value of the Jensen
et al. (2004) study on pink salmon is to show that temperature exposure for a lengthy
period prior to spawning can negatively influence gamete viability.

Groves et al. (2007) did not cite the study by Mann and Peery (2004, see notes) that
showed that Chinook exposed to temperatures as high as 23.6°C during migration had a
high incidence of embryo mortality. Other reports cite a large body of literature
indicating impact of rearing temperature on gamete viability (e.g., Berejikian 2005, see
notes; also see references of Berejikian).

Disease Susceptibility

d. Disease suscepribifity — Sumlar to the findings discussed under pre-spawn
mortality, adults held in confined hatchery environments under prolonged periods
of elevated temperature appear to have a greater suscephibilaty to disease or fungal
mfections. How this pertains to free-ranging adults 15 uncertain. However as
discussed above, fish-to-redd ratios do not suggest a high level of pre-spawn
mortality below Hells Canyon Dam.

It is probably true that disease problems under hatchery conditions are more severe and
frequent than for wild populations. However, it is still valid to use known relationships
between temperature under hatchery and natural field conditions relative to disease
outbreaks to establish precautionary thresholds to be applied to natural populations.
There is always uncertainty concerning application of any instance of a relationship



between water quality conditions and biotic response to other instances of similar water
quality conditions, whether it be in hatchery or natural environments. However, the
number of cases documenting the significance of high temperatures in relation to
outbreaks of warmwater diseases in salmonids necessitates assuming that nuances such as
differences in populations among a single species and differences in precise temperature
fluctuation patterns (e.g., constant, increasing, declining) during exposure are subservient
to the overriding issue of exposure to high temperatures, especially when the level of
temperature variation is not large.

Groves et al. (2007) pointed to the Snake River temperature history at Central Ferry
below the site of Lower Granite Dam as a useful record for the period 1955-1958.
Central Ferry water temperatures for 1958 reached at least 24°C and probably 26°C in
1958 (USACE figures, see notes). In addition, Richards (1959 and 1960, see notes)
reported a high incidence (77.0%) of columnaris in Snake River fall Chinook in 1958 and
in 1959 (or 1960) (62.2%). '

Fish-to-redd ratios were cited numerous times as a key piece of evidence that pre-
spawning mortalities were low below HCD. The premise of this statement is that if there
is a difference between the ratios of fish counts at Lower Granite Dam and redd counts in
the Snake River mainstem and tributaries among years, then one might infer that this is
attributable to variation in prespawning mortality. Numbers of adults counted passing the
dam and numbers of redds both are related to the total escapement. Adult counts should
be corrected for fallback and the number of females would be most highly related to the
number of redds. There are a number of reasons why this is not a strong piece of
information for use in claiming no variation in pre-spawning mortality:

(1) The calculation of fish counts at the dams has a significant level of uncertainty
due to a variety of factors, such as observer error and variation in detection rate
(e.g., see Brown and Newton 2001, see notes).

(2) There is a variable level of fallback, which can be related to flows and
temperature.

(3) Fish counts may include jacks, which can assume variable importance in
spawning, depending upon the availability of older males in the population. The
percentage of jacks in the spawning run has varied from as much as from 15 to
50% of the run, based on the 1955 to 1958 data from IDFG for fall Chinook
passage above Oxbow Dam. The number of redds would depend significantly on
the percentage of jacks.

(4) There is annual variation in male/female ratio among years (Howell et al. 1985,
see notes).

(5) A female can dig more than one redd. It is uncertain to what extent the number
of redds per female is constant from year to year.

(6) It assumes that the percentage of females in escapement that will spawn is the
same from year to year.

(7) In some years the ability to detect redds is low relative to other years due to
turbidity. There could be a greater concentration of spawning in some years in
deep water vs. shallow water. Factors such as this can broaden the fish-to-redd



ratios observed from year to year, but can also create enough variation in the ratio
so that variation due to pre-spawning mortality cannot be effectively detected.

(8) When all of these data are compiled and analyzed relative to the total number of adult fall
Chinook salmon allowed to pass upstream of Lower Granite Dam (with fallback and over-
counting at the dam taken into account), the resulting fish to redd ratio has averaged 3.2 (range
2.0-4.2, data from 1993-2006). This comports well with (or better than) estimates of fish to redd
ratios for the Hanford Reach of the Columbia River (3.0-16.0), where pre-spawn mortality is not
considered to be a problem (Visser et al. 2002), and has never been reported as “excessive”.

(Groves, Chandler, and Myers 2007). 1f the fish-to-redd ratio averages 3.2 and is 3.2
one year, but is 4.2 the next year, it is possible that pre-spawning mortality could
be 0% the first year and 23.8% the next year due to temperature conditions. This
is calculated as 420 fish pass the dam but 100 die (i.e., 23.8%), and the remaining
320 produce 100 redds (fish-to-redd ratio observed is 4.2). However, if 320 fish
pass the dam with no mortality and produce 100 redds, the fish-to-redd ratio is
3.2. This level of pre-spawning mortality could cause this degree of variation in
fish-to-redd ratio. This level of variation could also be entirely due to variation in
counts of either fish passage or redds or both. If 10% of the fish passing the dam
are not counted, they could all be mortalities due to temperature conditions, yet
the ratio could remain unchanged. Ifthere is a 10% error in identification of
males and females such that there are really 10% more males than reported one
year vs. the next, the fish-to-redd ratio would be higher than expected for no
apparent reason.

Spawn Timing

2. Spawn timing — There 15 no evidence that spawn timing has been greatly altered mn
the Snake River when companng pre-HCC spawn distribution to that of the
present-day Hells Canyon spawn distribution.

Evidence for the pre-HCC spawn distribution comes from the IDFG spawning reports
from 1958-1960 (Richards, IDFG, see notes). These reports show that about 1% of the
fall Chinook run passed Oxbow Dam site in August, but that 67% were transported past
Oxbow in September. Passage in September accounted for 23.5% of the total run in
1957 and 51% of the run in 1959. Spawning ground counts were made on November 10
and 11. Consequently, there is no real indication when spawning actually took place. It
could be that the counts were made on November 10 and 11 to ensure being able to detect
the full spawning run in a single pass.  These data then do not indicate the distribution of
spawning, but they do indicate the dates of passage at Oxbow Dam.

Groves et al. (2007, p. 40) also state the following relative to spawn timing:

With respect to delay of the actual spawming actrvity, there 15 evidence that a shaft toward
earlier spawning might be feasible if the niver corndor could be cooled substantially.
However, st would hikely be very difficult to cool the mver enough to make a reasonable
shift in spawn onung. Data from 16 years of spawning surveys i the Snake River
indicates that mutial spawning is not consistently initiated becausa of either photo pertod
" or water temiperature (Table 3). In the upper Hells Canvon Reach, the earliest spawning
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In addition, they state (p. 43):
- Further, spawn timing appears to be strongly associated with a declining thermal regime
and likely other environmental cues that are consistent regardless of water temperature,
such as photopertod, rather than a specific water temperature.

Spawning may be associated with a declining temperature regime, but Groves et al.
(2007) do not present any evidence that this is more significant than initial spawning
temperature. Tables presented by these authors indicate that temperature is highly
significant in initiating spawning. Table 3 (p. 41) shows that over the period 1991-2006,
in 13 of'the 16 years, spawning in the upper Hells Canyon Reach commenced at 7-day
mean water temperatures of <16.6°C and after October 18. By averaging day number for
these 13 years, one can calculate a mean date of first spawning of approximately October
26. Using the entire 16-year data set, the mean date of first spawning was October 23.
There were only 2 instances of early (prior to October 18) spawning at higher
temperatures (October 9 at 17.3 and 19.1°C). No evidence was provided that
temperatures on October 9 were declining to produce spawning. It is not uncommon for
Chinook spawning to be noted at 19°C (see McCullough 2006 compilation of literature;
also State of California 2004, see notes), but this is no indication that survival would be
high. If the Geist et al. (2006) study results are used, one would infer very high mortality
at these initial temperatures. Initial spawning as late as November 11 may indicate
delayed spawning due to a variety of reasons. It would be an adaptive advantage to delay
spawning until temperatures decline to favorable survival temperatures. If it takes a
lengthy period for temperatures to decline sufficiently, it is also adaptive for the fish to
spawn at the earliest opportunity to provide the greatest chance of emerging as early as
possible. This would represent a tradeoff between spawning temperature and date. In the
lower Hells Canyon Reach of the Snake River, in 15 of the 16 years, the mean water
temperature during the 7 days prior to first observed spawning was 13.5°C. Only in 2001
did first spawning occur at high temperatures in the lower HC Reach (i.e., at 17.9°C). In
2001, first spawning occurred on October 9 in both the lower and upper HC Reaches at
high temperatures. An explanation for this is uncertain. Possibly passage difficulties
depleted the Chinook energetically, creating an immediate need for spawning prior to
death. In any case, photoperiod is not a likely reason for variation in spawning times
because the latitudes involved in the Snake River are not significantly different.

In the Clearwater River (see Groves et al., Table 4, p. 42), the mean water temperature at
Lewiston for the 7-day period prior to first spawning was 13.1°C for four years having
temperature data. The spawning initiation occurred between September 23 and October 1
in these years. Temperatures in the Clearwater River measured at Peck were
approximately 2°C colder than at Lewiston. It is difficult, without more information, to
know where the fall Chinook were holding prior to spawning and which temperature data
set (i.e., either Lewiston or Peck) applies better to the environment in the holding area
and spawning area. Despite this issue, it appears that spawning in the Clearwater River is
initiated more frequently at earlier dates than in the Hells Canyon Reach and at
temperatures <13°C. For all years for which first spawning dates were indicated, a
conversion to day number, averaging day numbers, and converting back to date reveals
that first spawning in the Clearwater was approximately October 3 on average.
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First spawning of fall Chinook in the Grande Ronde River occurred at an average water
temperature of 10.6°C for the 10 years of data between 1992 and 2006 having water
temperature data available (Groves et al. 2007, p. 42). Water temperature data were
based on the 7 days prior to spawning (whereas the Oregon and Idaho rules use the
trailing 7-day period). First spawning dates in the Grande Ronde ranged from October 9
to October 26 for the years having water temperature data. Fall Chinook apparently are
not choosing the option of spawning earlier at temperatures >13°C in either the
Clearwater or the Grande Ronde. In the Clearwater, spawning at an average date of
October 3 provides fall Chinook the advantage of advanced emergence and more lengthy
rearing opportunity to achieve a large size prior to either emigration or overwintering,
depending upon the life history alternative utilitized (age-0 or age-1). In the Grande
Ronde, the fact that fall Chinook spawn in mid-October at optimum initial temperatures
(i.e., <13°C) may indicate that these fish are able to emerge at times appropriate to enable
emigration in a timely manner at this point in the river and still spawn as late as they do.
Without knowing the rate of river warming in the spring or the thermal accumulation
during the incubation period in the Grande Ronde relative to that in the Snake River
below HCD, it is difficult to compare the tradeoffs involved in initial spawning dates vs.
initial temperature.

In summary, from information provided by Groves et al. (2007) it appears there is further
support to the idea that temperatures <13°C are preferred as initial spawning
temperatures. Also, it appears that spawning date can be advanced as much as 20 days by
lowering temperatures from 15.1°C (average initial temperature for spawning in 13 of 16
years in upper Hells Canyon Reach) to 13.1°C in the Clearwater. Another way to view
this is that the thermal shift has been approximately 3 weeks below HCD. If we achieve
threshold spawning temperature standards three weeks earlier or if we restore the thermal
regime by removing the thermal shift, spawning would be able to commence up to 3
weeks earlier.

-Groves et al. (2007, p. 14). _
As discussed later {section 4.3}, there 15 hittle evidence that spawn tumug has changed
appreciably today as compared to spawn tuming prior to the construction of the Hells
Canvon Complex below Swan Falls Dam. Spawning was mittated m early October and
" extended over a relatrvely prolonged period through early December, with peak spawning
occurring around the first week of November (Zunmer 1930). This 15 very simalar to
what has been observed today in the spawning area below Hells Canvon Dam. This

It is stated on p. 14 of the white paper that there is little evidence of a change in spawn
timing. Zimmer (1950, see notes) noted that spawning started in late September. This is
different from the October 23 date established for the IPC below HCD. Groves et al.
(2007) stated that peak spawning occurred in the first week of November. Counts in
1949 by Zimmer (1950) revealed a nearly equal number of redds on October 18 as on
November 22 from aerial surveys in the Swan Falls to Murphy Bridge reach. Redds
counted on the first survey date were not included in the later count. This would indicate
that all redd construction in the weeks prior to October 18 were equal to the redds
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constructed after October 18. This doesn’t appear to indicate that early November is a
peak in spawning. In 1947 there appears to be better evidence of a spawning peak in
early November. However, 26% of the redds deposited between Swan Falls and Weiser
surveyed by plane were deposited prior to October 17. Again, this indicates considerable
spawning at an earlier date than the October 23 date set for IPC below HCD. The actual
date of first spawning is given as late September. The magnitude of spawning this early
is difficult to infer from the tables of redds by date for 1947 because the counts made
prior to October 17 were made by ground or boat observation, which was noted as being
extremely unreliable compared with the plane. In 1949 the first survey date was October

- 18 and half the total counts were observed by this date, which would indicate that
substantial spawning occurs prior to October 18. By contrast, the earliest observed
spawning between 1991 and 2006 cited by Groves et al. (2007, p. 41) was October 9 in
2000 and 2001. The mean date of first spawning for this 16-year period was October 23
below HCD. This appears to indicate that first spawning in the reach from Swan Falls to
Weiser started approximately 4 weeks earlier based on data from Zimmer (1950).

Incubation Survival

. Incubaiion Swvival — Experiments based on constant and declimng thermal
regimes differ markedly m their results with respect to both ultimate survival and
size of fiy at emergence. To assess the thermal reguirements of incubating eggs in
a natural declining thermal regime, Olson and Foster {1935), Olson et al. (1970)
and Geist et al. {20086) are the most applicable findings to conditions expertenced
by Snake River fall Chinook salmon. These studies suggest that eggs spawned at

inttial temperatures of between 16 °C 1016.3 °C do not experience different levels
of mertality from those eggs spawned at temperatures as low as 13 °C. At
temperatares above 16.5 °C, mortality of incubating embryvos substantially
increases. The thermal shaft that occurs below Hells Canyon Dam delays cooling
of water ternperature in the fall and significantly advances the emergence fiming
of yjuvenite fall Chunook salmon closer te what occurred historically in the pnimary
production areas upstream of the Hells Canyon Complex. The HCC 15 now more
suitable for the expression of an Age-( fall Chinock salmon life history than it
was before construction of the HCC. The elevated winter base temperatures also
contribute to the advanced emergence tinmng relative to pre-HCC.

Groves, Chandler, and Myers (2007) dealt with the Olson et al. (1970) data that provide
evidence of negative effects of declining temperature regimes with lower initial
temperatures than reflected in Geist et al. (2006) by merging data from Olson and Foster
(1955), Olson et al. (1970), and Geist et al. (2006). Although Groves et al. (2007)
emphasize the importance of having statistics of variance based on replication with which
to test the differences in biological response to temperature, their method serves only to
create ambiguity by artificially expanding the range in response and making differences
non-significant at an o = 0.05 level (a significance level that places the burden on the fish
and is not precautionary). Merging data from different studies is not a valid means of
creating replicates. This amalgamation process indicated that a temperature of
approximately >16.0°C is needed in a declining temperature regime to produce
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significantly greater fry mortalities. Although statistical tests are often desirable, it is not
appropriate to obliterate results that differ from one test by averaging it with results from
other studies. The Olson et al. (1970) study itself states that it discounts its results from
its November 30 test initiation date due to highly variable outcome.

The October 30 test initiation date of Olson et al. (1970) is the one most similar to spawn
timing occurring below HCD. It is reasonable to interpret these results as producing a
significant increase in mortality between initial temperatures of 56.6 and 58.6°F. Groves
et al. (2007) are correct that there was a single day upward tick in temperatures by
approximately 0.6°F that could be interpreted as creating initial temperatures that were
actually about 57.2 (14.0°C) and 59.2°F (15.1°C).

In the November 14 test, mortality increased approximately 50% over the temperature
range from 13.9 to 16.2°C. Mortality then more than tripled as initial test temperature
increased to 17.3°C.

Olson et al. (1970) discarded the November 23 test data. It is not clear whether Groves et
al. (2007) averaged in these values with the other data or not.

The Olson et al. (1970) data for a December 8 initial test exposure indicated that in the
comparison of egg lots at initial temperatures of 12.3 and 13.4°C, percentage mortality
(eggs plus fish) doubled with this increase in initial temperature and remained doubled as
initial temperatures increased to their maximum level of 15.0°C.

Groves et al. (2007) state that the HCC is now more suitable for expression of age-0 fall
Chinook life history than before construction of the HCC. This is based on the
contention that:

(1) The combination of spawning time and temperatures up to 16.5°C are ideal initial
spawning and incubation temperatures; spawning that occurs before October 23 at higher
temperatures constitutes a small percentage of the population and can be ignored;
achieving a temperature of < 16.5°C by October 23 is adequate for timing of spawning
initiation and temperature regime; there has been no delay in spawning initiation from
either the 1950s or prior to significant development of the Snake River system (i.e., prior
to 1900),

(2) Any temperatures exceeding standards can be excused by either high air temperature
exemptions or low flow exemptions,

(3) Biological consequences of further climate change predicted for the Snake River for
the next 50 years by the majority of professional climatologists can be either ignored or
can be excused by an exemption. Unfortunately, climate change and river temperature
increases that have been documented over the past 50 years have caused fall Chinook and
other salmonids to exist closer to thermal tolerance limits and to shift their spawn and
emergence timing to compensate.

(4) The thermal shift that occurs in the fall is beneficial because it results in prolonged
warm temperatures that produce a higher rate of embryo development.

(5) There are only steadily declining temperatures after October 23 and momentary
peaks exceeding 16 or 16.5°C do not occur. Groves et al. (2007) were critical of the
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Olson et al. (1970) study for a brief temperature uptick after test initiation in the declining
temperature regimes used in their study but there is no guarantee that upticks will not
occur in the Snake River.

This reasoning discounts studies on effects of constant temperature incubation with the
claim that only declining temperature studies are relevant to the Snake River. Thermal
effects are a result of temperature and duration of exposure. Exposure to a declining
temperature can easily be parsed into successive days under a series of progressively
changing exposures. If a constant temperature study shows that a temperature 16°C is
harmful during a 40-day exposure, there is reason to believe that the level of harm is less
with a 1-day exposure, assuming that 16°C does not result in 100% mortality in 40 days.
It is possible that a 16°C temperature for a 1-day exposure has a negative effect that is
small enough that to demonstrate this at p<0.05 would require a large sample size,
something not often provided in laboratory testing. The process of setting a protective
standard, as adopted by EPA, was to make use of the abundant literature available on
incubation effects and to emphasize temperatures known to provide a high level of
protection, not to entertain small percentages of impact. Olson et al. (1970) data show
significant impacts at initial incubation temperatures in declining temperature regimes
above approximately 14.4°C and possibly lower. Constant temperature studies reveal
impacts at lower temperatures, notwithstanding the deficiencies pointed out meticulously
by Groves et al. (2007).

p. 60. Groves et al. (2007) :

test temperatures (Figures 12 and 13). However, it should be noted that a constant
incubation temperature of 5.0° C {or any temperature for that matter) does not occur in
aature where Chinook salmon embryos incubate.

Although it is a valid point that we must be concerned with the daily fluctuations in
temperature as well as the trends in temperature (increasing and decreasing with season)
and daily and seasonal minima, means, and maxima, Groves et al.’s (2007) criticism of
the utility of studies on constant temperatures is unfounded. If we were to discard all
constant temperature studies as invalid for application in the field because temperatures
vary in nature, we would have very little data available for regulating heat loading.
Moreover, in the case of the Snake River, daily temperatures do not fluctuate
dramatically like they do in many other stream settings. Consequently, constant
temperature experience is more appropriate in the Snake River than in smaller rivers. In
addition, IPC is contemplating decline rates of only 0.2°C/d, which represents nearly
constant temperature in a 5-day period.

If constant temperature data are of no value in predicting survival in the field or in setting
protective standards, it is equally difficult to imagine how experiments in varying
temperatures would produce greater certainty. There are.an infinite number of
temperature variations that could be studied. If daily temperature fluctuation were +1°C
in one experiment, then it could be criticized that this is nearly constant and does not
apply to cases where temperature fluctuations are £4°C. It is also possible that there
should be a daily fluctuation embedded within a multiday decline. Temperatures in the

15



field can also decline for several days, followed by several days of increase, followed by
an overall seasonal decline. A comment such as attributed to Combs (1965) (i.e., “The
conditions imposed upon the sockeye salmon eggs in these tests would rarely be
duplicated in nature or in artificial propagation procedures”) could as well be applied to
any laboratory temperature regime set up. One objective of a constant temperature
regime is to know exactly what to attribute a response to. Significant changes in
mortality at specific temperature thresholds are important reasons for setting standards.

p. 62. Groves et al. (2007)

to cooler temperatures. Fmally, there was litfle evidence that differences i thermal
adaptation existed between the two Chinook stocks. However. the authors continually
brought up in their discussion the supposition that local stocks are adapted to local
thermal conditions.

p. 64. Groves et al. (2007)

the natural habitat. The authors also noted that the data provided insight as to the
variation among Pacific salmon with respect to how water temperature affected
embryonic development rate, survival, and fry size and weight. A very telling quote from
the conclusions was, “Because the species showed different trends in emergence
timing with respect to changes in development temperature, it seems reasonable to
infer that these different trends reflect adaptive variation in the species’ response to
environmental temperature during developinent”. And finally, the authors noted,
“Population-specific differences in development can alse exist, and populations that
spawn in extreine environments can probably be expected to have different rates of
development and survival than populations in more moderate envirenments®™. This
paper establishes a very good base for understanding that not only are there species-
specific differences in how Pacific salmon are differentially adapted to various thermal
environments, but also how population-specitic adaptations are likely.

Groves et al. (2007) reviewed Beacham and Murray (1989 and 1990) and concluded that
population —specific adaptations are likely. Beacham and Murray (1989), according to
Groves et al. found no population differences.” Both Beacham and Murray papers found

_ differences among species in development rates and other factors. Beacham and Murray
(1990) cited Beacham and Murray’s (1987) work on chum as showing population level
differences in development rate. Even though Beacham and Murray (1990) state that
population level differences in survival “can probably be expected” between extreme and
moderate environments, significant population differences have not been demonstrated in
the literature for any salmonid.
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Groves et al. (2007) summarize the hierarchy of biological differences in this manner:

to some extent other Chinook salmon races, are not relevant. Generally there are small
differences in thermal responses among stocks and these differences increase from races,
subspecies to species and then families of fishes (McCullough et al. 2001). Genetic
variation exists within Chinook salmon and other salmonids of the Pacific Northwest, as
indicated in classification diagrams constructed by the National Marine Fisheries Service
{(McCullough et al. 2001). It is clear that based on eonstant temperature studies, different

The hierarchy of biological responses to temperature shows finer and finer differences
among taxa in a series from fish families, to species, to subspecies, to races, to
populations. It is unclear whether Groves et al. (2007) intend to imply that Snake River
fall Chinook are more temperature tolerant than Columbia River fall Chinook (a
population difference), that fall Chinook are more tolerant than spring Chinook (a race
difference), or simply that they are more tolerant than sockeye (a species level
difference). Differences at the species level among Pacific salmon are not large, and
differences at the population level are much smaller. Although Groves et al. are critical
of constant temperature studies relative to application in field conditions, it does not
appear that they would believe that constant temperature incubation studies would
indicate similarity among populations where declining temperature incubation studies
would reveal differences among the same populations.

Groves et al. (2007, p. 62-63)
representative of what occurs in the natural environment cannot be stressed enough. As

well, the authors acknowledge that the information provided was mainly for the accurate
prediction of hatching and emergence timing, and was of practical interest for managers
involved in salmon culture (hatchery environs). The basic design of this work was to

In the end, the authors acknowledged that all of their results were based on data from
constant temperature treatments, and did not reflect what would be expected to occur in
the natural habitat. The authors also noted that the data provided insight as to the
variation among Pacific salmon with respect to how water temperature affected
embryonic development rate, survival, and fry size and weight. A very telling quote from

The authors imply that Beacham and Murray (1990) were somehow caught red-handed
with a constant temperature study and had to confess that it was only relevant to hatchery
environments. This is far from accurate. The authors concluded their paper with a
paragraph warning of the implications of their laboratory studies, given the effects of
increasing air temperatures and expected water temperature increases on salmon survival
during the incubation phase. Ifthis study only applied to fish culture, the authors would
not indicate any application to the field.
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Effects of Intrasravel Water Temperature

g. Effects of intragravel water temperature — In Hells Canyon, there is a strong
comnection between the water column and the redd emvironment that allows for
sinular thermal conditions between the fwo environments. Therefore, the water
column conditions provide good metrics for describing the thermal conditions of
incubating embryos 1 Hells Canyon

Groves et al. (2007, p. 69) reported that “The thermal environment within Chinook
salmon redds can be strongly influenced by surface water conditions (Geist et al. In
Press).” This statement doesn’t specifically indicate that surface water temperatures
would be identical to water at egg pocket depth. They also state (p. 69) that “Chinook
salmon also tend to spawn where the natural down-welling of surface water into the
shallow hyporheic zone occurs (Vronskiy 1972; Leman 1988; Vronskiy and Leman 1991;
Geist 2000; Geist et al. 2002; Hanrahan et al. 2004)”” and that Chinook predominantly use
downwelling zones as opposed to all other Pacific salmon, which use upwelling areas.

Groves et al. (2007) also stated that the Hanrahan et al. (2004) study measured water
column and intragravel water temperatures in spawning gravels but not in actual redd
locations. This reportedly accounts for the identical temperatures found in redds vs. the
warmer temperatures found in general spawning gravels. However, Figures 16-23
provided by Groves et al. (2007) to substantiate a negligible difference between surface
and inter-redd water temperatures was derived from “simulated redd sites” (e.g., Groves
et al. 2007, Figure 16, p. 70).

The Hanrahan et al. (2004) study shows that in the first month of egg incubation,
temperatures in the shallow hyporheic zone averages approximately 0.5°C warmer than
the surface water. This study also indicated that potential upwelling zones are far more
common below HCD than downwelling zones. “We randomly selected 14 fall Chinook
salmon spawning locations as study sites, which represents 25% of the most used
spawning areas throughout the HCR.” (Hanrahan et al. 2004, p. iii). If Chinook actually
spawn exclusively in downwelling zones, it is likely that acceptable spawning areas are
very restrictive. This makes potential spawning habitat much more scarce than
anticipated. However, if spawning in upwelling areas becomes more common as the
population recovers, fall Chinook would then be more subject to water temperatures
warmer than surface temperatures.

Hanrahan et al. (2004) was cited as supporting that Chinook “tend” to spawn where there
is natural downwelling (Groves et al. 2007). However, Hanrahan et al. (2004, p. 1.2; also
see notes) state that “Recent research in the Hells Canyon Reach of the Snake River
indicates that warm hyporheic water upwells into fall Chinook salmon spawning areas
(Geist et al. 1999; Arntzen et al. 2001).” Also, “Where warm hyporheic water is
upwelling into spawning areas within Hells Canyon, it is possible that emergence may
occur 2-4 weeks earlier than in spawning areas dominated by cooler surface water.”
(Hanrahan et al. 2004, p. 1.2). Geist et al. (1999)(as cited by Hanrahan et al. 2004) noted
that as discharge decreases as in leading up to spawning, the magnitude of upwelling
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increases. This appears to indicate that at the time of spawning, the availability of
downwelling sites would be more limited.

I could find no statement indicating their view that spawning was predominantly in
downwelling areas. It is not clear what the Geist et al. In press document has to say about
the universality of spawning in downwelling zones by Chinook and whether this new
information overthrows the Hanrahan et al. (2004) study on these points. Geist and
Currie (2006, see notes) reported that chum tend to spawn in upwelling areas and chinook
in downwelling areas below the four lower Columbia River dams. This may or may not
be a universal pattern. However, to the extent that Chinook spawning occurs in
upwelling areas, which would provide necessary flow velocities past incubating eggs
similar to downwelling zones, a certain percentage of chinook may be incubating at
temperatures greater than ambient water column temperatures.

Groves et al. (2007) state:

However, in the Snake River, temperature within the redd environment is generally the same as what is
present in the water column, especially during the first few weeks following redd construction. Similar
findings have been reported by Ringler and Hall (1975), Vronskiy and Leman (1991), Hanrahan et al.
(2004), and Hanrahan (2007), which were based on data collected from artificial redds.

But Hanrahan et al. (2004) presented a table showing a mean temperature increase
between the shallow hyporheic and ambient water column temperatures of about 0.3 to
0.5°C during the first month of incubation below HCD. Temperatures may be
“generally” the same, but still a 0.3 to 0.5°C difference in mean values is biologically
significant, especially when IPC is recommending initial incubation temperatures at
16.5°C when an initial temperature of 17°C results in near total mortality, based on Geist
et al. (2006).

Emergence/Qutmigration Timing

h. Ewergence / Ouomigration Timing - Fall Chinook salmon emerge earlier today in
Hells Canyon than they did histerically in Hells Canyon because of the warmer
incubation conditions present today as a result of the HCC. Historically, Hells
Canyon was a very cold spvionment and may not have been conducive for
production of an Age-0 migrating fall Clunook salmon. The construction of the
HCC altered the thenmal regime such that emergence fiming is now closer to what
occurred histonically in the production areas upstream of the HCC.- During the
1990°s, there was evidence that juvetnle outtmigration was delaved based on their
arrival timing at Lower Gramite Dam. Migration through the large slack water
environment of Lower Gramte Reservomr 1s mrore likely to explain the delay
observed during that timie. Recently, there is evidence of an earlier shift in the
outmigration tming at Lower Granite. Fall Chinook salmon appear to be
muigrating earlier and at a smaller size than observed mn the 1990s. Why this
trend 1s occurring is uncertamn, but may relate in some way to density i the
rearmg areas as adult retums and natural production has continued to merease.
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Groves et al. (2007) state that Hells Canyon was not conducive to production of age-0 fall
Chinook historically and that with construction of the HCC, the emergence timing below
HCD is now closer to that in the historic main upstream production areas. So thanks to
the HCC and the thermal shift and warmer winter temperatures, fall Chinook production
and emigration can now follow a subyearling life history and outmigrate at close to the
same time that subyearlings did historically.

Statements above about emergence/outmigration timing imply that:

(1) emergence timing below HCD is close to the historical timing from the Marsing
Reach upstream

(2) delayed migration timing occurred in the 1990s but is no longer an issue

(3) the slack water of Lower Granite Reservoir is to blame for the delayed emigration
(4) there is a recent trend toward earlier emigration timing.

There are a number of reasons why these statements may not be accurate and making all
these assumptions places fall Chinook at risk.

(1) TPC rightfully criticizes the Snake River TMDL process for not considering the
significant impact of upstream human activities in altering the thermal regime of
the inflow to Brownlee Reservoir. Much of this thermal impact is undoubtedly
attributable to upstream IPC projects. Because IPC is so cognizant of the massive
changes in temperature of the Snake River, it would seem that it would also
recognize the linkage between spawn timing and emergence timing and spawn
timing and water temperature. If historic temperatures were altered by human
activities dating at least from 1900 and we have only crude estimates of
emergence timing from the 1950s, it stands to reason that emergence timing prior
to 1900 could have been significantly different.

(2) Hanrahan (2004, p. 1.1) stated that fall Chinook emigrants from below HCD
arrive at Lower Granite Dam | to 4 weeks later than before the HCC. Hanrahan
et al. (2004) state that there is a significant survival advantage to early emigrants
because they can avoid the high mid-summer Snake River mainstem temperatures
by their earlier migration timing. This implies that there may be a further
advantage in an earlier migration timing achievable with better temperature
control and earlier spawning.

(3) Ifthe slack water is to blame, IPC has a responsibility to utilize its cold water and
its available flow volume at Brownlee Reservoir to adjust temperatures (lower in
summer and fall; warmer in winter).

(4) The recent trend toward earlier emigration is largely a product of the age-1 life
history that has been produced in the Clearwater River. The Clearwater River
was historically not a major fall Chinook producer. The cold waters from this
river during the summer due to the releases from Dworshak have created slower
summertime growth and the need for overwintering and emigration as 1-year-old
smolts in the spring. This artifact of addressing the warm water problems
associated with the lower four Snake River dams should not be confused with the
problems created by the HCC.
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Groves et al. (2007, p. 78).

rearing and emigration. In the recent past, up to 50% of the subyearling smolts from the
upper reach of the Snake River passed Lower Granite Dam by early July, whereas
historically it was believed that they were completely out of this reach by the end of June.
This apparent delay in emigration is often attributed to later emergence timing than to
what is believed to have occurred historically when production was in the Swan Falls
Reach.

A more meaningful comparison relative to the effect of the HCC on emergence and
emigration timing is to compare pre-Hells Canyon Complex temperatures of Hells
Canyon to present day temperature of Hells Canyon. This comparison indicates that the
Hells Canyon Complex warmed the incubation environment such that emergence timing
today in Hells Canyon is much earlier relative to what it was pre-HCC. Further, post-
HCC temperatures are much closer present-day fo the historic Swan Falls spawning area.

It is admitted that 50% of the subyearling smolts pass Lower Granite Dam after July,
which is during the warmest-water period and results in high mortality. Despite this, it is
also stated that this migration timing is better than we would have expected for this
portion of the Hells Canyon Reach prior to construction of the HCC. Ifthis is so, we are
to simply accept the loss of over 90% of the historic production and in return get a minor
improvement in timing for the remaining portion of the run which never was good
habitat. This minor improvement in timing, further, likely comes with the tradeoft of
higher mortality in the incubation phase if initial temperatures would be pushed to
16.5°C. Global warming that can easily cause further water temperature increases in the
Snake River would not be safeguarded under the IPC proposal, but would be chalked up
to “unforeseen” climatic extremes. NOAA Fisheries’ recovery plan depends heavily on
improvement to the habitat, yet [PC intends to make no improvements in water quality in
excess of the minimum requirements of the CWA, and further intends to contest even
these standards as not being lenient enough.

Groves et al. (2007, p. 80)
2. The presence of the HCC has also created warmer over-winter base temperatures in the
area below Hells Canyon Dam relative to the pre-development era because of the large
volume of 4°C water stored in Brownlee Reservoir over the winter months.

Emergence timing can be controlled by regulation of spawn timing and the temperature

~ regime during the entire incubation period. Currently, temperatures during the fall have
been shifted by approximately 3 weeks to later in the season. This likely has caused a
later spawn timing. In addition, winter temperatures are cold below HCD. IPC claims
that emergence timing has benefited below HCD by the HCC operations, there is
additional room for significantly advanced emergence by use of a TCS. For example, the
winter temperatures in 2002 have a prolonged period of temperatures from approximately
2.16 to 3.5°C (McCullough, see figure in notes produced from IPC raw data). If
Brownlee Reservoir is stratified during the winter with the deepest portions of the
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reservoir holding the densest water at 4.0°C, it would be possible to effectively raise this
water to run through the turbines. Bubbling to mix water at the face of the dam would
not be so effective a means to accomplish a transfer of 4°C water downstream because it
tends to mix this water with colder surface water.

Juvenile fall Chinook need to rear as they migrate downstream. For those late migrants
entering the Snake River downstream of HCD, it shoreline temperatures exceed 18°C, the
juveniles tend to avoid rearing along the shore (USACE, Appendix K, see notes).
Marginal temperatures tend to be greater than temperatures in mid-channel. However,
mid-channel growth opportunities (i.e., food availability) would be expected to be lower
than along the shoreline. Consequently, late migration under high shoreline temperature
conditions would probably reduce the ability of these fish to grow adequately.

Ehist

Groves et al. (2007, p. 7)

Data for any particnlar year may not be complete. When data were incomplete, IPC
substituted data from a similar water year or a lower water year. IPC believes this is a
conservative assumption as conditions, flow and temperature, would be more critical in a
lower water year. For example, if Salmon River daily average temperature was
unavailable for 1994, Salmon River daily average temperafure from another low-water
year, like 1992, was used to develop a complete data record. The logic sequence used to
develop complete data records for the EHist temperature analysis is described in Table 2.

Although the plots from Ehist look reasonable, the methodology described above for
filling in missing data appears to be flawed. It is stated that missing data were replaced
by data from a similar flow year. Presumably a regression exists for flow vs. temperature
in one year that can then be applied to flows in the year where water temperature data are
missing. However, the water temperature is also a function of air temperature and solar
radiation over a number of days preceding the day of water temperature measurement.
Data provided by IPC do not indicate which days had synthesized data.

Ehist graphs taken from the Snake River TMDL (Figures 6.1-3, 6.1-4, 6.1-5, 6.1-6) and
reproduced in Groves et al. (2007) show that on October 1, 2002, the Ehist Brownlee
inflow is 13°C, which is identical to the measured inflow temperature. However, the
measured HCC outflow on this date is 18°C. This means that the HCC causes a 5°C
increase in water temperature that is in effect until mid-November. This is the thermal
shift problem that likely causes a shift in spawning time, incubation survival, or both. If
the measured inflow to Brownlee is 13°C on October 1, yet the HCC measured outflow is
18°C, it appears that the HCC causes a significant warming (i.e., 5°C), whereas IPC
claims a freedom to warm the river by only 0.5°C.

22



Literature Cited

Geist, D. and A.Currie. 2006. Evaluation of Salmon Spawning below the Four
Lowermost Columbia River Dams", 2004-2005 Annual Report, Project No. 199900301,
59 electronic pages,(BPA Report DOE/BP-00000652-32).

Hershberger, P. 2002. A current look at how diseases affect populations of wild, marine
and anadromous fishes in the Pacific Northwest. Abstract from presentation at University
of Washington, Aquatic & Fishery Sciences Departmental Seminar.

McCullough, D., S. Spalding, D. Sturdevant, and M. Hicks. 2001. Summary of technical
literature examining the physiological effects of temperature. Technical Issue Paper 5.
EPA-910-D-01-005. Environmental Protection Agency, Region X. Temperature Water
Quality Criteria Guidance Development Project. Seattle, WA.

McCullough, D.A. 2006. Thoughts and Background Data on the IPC Site-Specific
Temperature Proposal for Snake River Fall Chinook Dale McCullough, CRITFC,
October 11, 2006.

Richard S. Brown and David R. Geist. 2002. Determination of Swimming Speeds and
Energetic Demands of Upriver Migrating Fall Chinook Salmon (Oncorhynchus
tshawytscha) in the Klickitat River, Washington. PNNL-13975. Submitted to Bonneville
Power Administration. Project Number 22063, Contract 42663 A.

Ruggerone, G.T., D.E. Weitkamp, J. Noble, J. Hall, L. Reinelt, K. Gellenbeck, and T.
Nelson. 2004. WRIA 9 Chinook Salmon Research Framework. Identifying Key
Research Questions about Chinook Salmon Life Histories and Habitat Use in the Middle
and Lower Green River, Duwamish Waterway, and Marine Nearshore Areas. Watershed
Forum of Local Governments through the King Conservation District, Seattle, WA.

Effects on Gametes. References from Berijikian.
Campbell, B., P. Swanson, N. Hodges, J.T. Dickey, R. Endicott, B.A. Berejikian. 2004.
Effects of water temperature during seawater rearing on timing of spawning and egg
quality in spring Chinook salmon. In B.A. Berejikian and C.E. Nash (eds.), Research on
Captive Broodstock Programs for Pacific Salmon. Final Report to Bonneville Power
Administration for FYO0I.

Davies, B., and N. Bromage. 2002. The effects of fluctuating seasonal and constant water
temperatures on the photoperiodic advancement of reproduction in female rainbow trout,
Oncorhynchus mykiss. Aquaculture 205:183-200.

Du, S.J., R.H. Devlin, and C.L. Hew. 1993. Genomic structure of growth hormone genes
in Chinook salmon (Oncorhnchus tshawytscha): presence of two functional genes, GH-I
and GH-II, and a male-specific pseudogene, GH-psi. DNA Cell. Biol. 12:739-751.

King, H.R., and N.W. Pankhurst. 1999. Ovulation of Tasmanian Atlantic salmon
maintained at elevated temperatures: implications of climate change for sustainable
industry development. In Proc. 6th International Symposium on the Reproductive
Physiology of Fish, July 4-9, 1999, p.396-398. University of Bergen, Norway.

23



King, H.R., N.W. Pankhurst, M. Watts, and P.M. Pankhurst. 2003. Effect of elevated
summer temperatures on gonadal steroid production, vitellogenesis and egg quality in
females Atlantic salmon. J. Fish Biol. 63:153-167.

Pankhurst, N.W., G.J. Purser, G. Van Der Kraak, P.M. Thomas, and G.N.R. Forteath.
1996. Effect of holding temperature on ovulation, egg fertility, plasma levels of
reproductive hormones and in vitro ovarian steroidogenesis in the rainbow trout
Oncorhynchus mykiss. Aquaculture 146:278-290.

Pankhurst, N.W., and P.M. Thomas. 1998. Maintenance at elevated temperature delays
the steroidogenic and ovulatory responsiveness of rainbow trout Oncorhynchus mykiss to
luteinizing hormone releasing hormone analogue. Aquaculture 166:163- 177.

Swanson, P., B. Campbell, B.R. Beckman, D.A. Larsen, J.T. Dickey, K. Cooper, N.
Hodges, P. Kline, K.D. Shearer, D. Venditti, G.W. Winans and G. Young. 2003.
Monitoring reproductive development in captive broodstock and anadromous hatchery
stocks of Snake river spring Chinook salmon during the five months preceding spawning.
In B.A. Berejikian and C.E. Nash (eds.), Research on Captive Broodstock Programs for
Pacific Salmon. Final Report to Bonneville Power Administration for FY01.

Taranger, G.L., and T. Hansen. 1993. Ovulation and egg survival following exposure of
Atlantic salmon, Salmo salar L., broodstock to different water temperatures. Aquacult.
Fish. Manage. 24:151-156.

Taranger, G.L., S.O. Stefansson, F. Oppedal, E. Andersson, T. Hansen, and B. Norberg.
1999. Photoperiod and temperature affects gonadal development and spawning time in
Atlantic salmon (Salmo salar L.). In Proc. 6th International Symposium on the
Reproductive Physiology of Fish, July 4-9, 1999, p.345. University of Bergen, Norway.

Venditti, D.A., C. Willard, T. Giambra, D. Baker and P. Kline. 2003. Captive rearing
program for salmon river Chinook salmon. Annual Progress report, January 2001-
December 31 2001. IDFG Report Number 03-33. 47 p.

Berejikian, B., D. VanDoornik, J. Lee, A. LaRae, and E.P. Tezak. 2005. The effects of
current velocity during culture on reproductive performance of captively reared
steelhead. Trans. Am. Fish. Soc. (in press)

Berejikian B.A., P. Kline, and T.A. Flagg. 2004. Release of captively reared adult
anadromous salmonids for population maintenance and recovery: biological trade-offs
and management considerations. Pages 233-246 in M.J. Nickum, P.M. Mazik, J.G.
Nickum, and D.D. MacKinlay, editors. Propagated fish in resource management.
American Fisheries Society Symposium 44, American Fisheries Society, Bethesda,
Maryland.

24



Berejikian, B.A., E.P. Tezak, S.L. Schroder, C.M. Knudsen, and J.J. Hard. 1997.
Reproductive behavioral interactions between wild and captively reared coho salmon
(Oncorhynchus kisutch). ICES J. Mar. Sci. 54:1040-1050.

Beddow, T.A., and R.S. McKinley. 1998. Effects of thermal environment on
electromyographical signals obtained from Atlantic salmon (Salmo salar L.) during
forced swimming. Hydrobiologia 371/372: 225-232

25



Notes from the Literature

Goniea, T.M., M.L. Keefer, T.C. Bjornn, C.A. Peery, D.H. Bennett, and L.C.
Stuehrenberg. 2006. Behavioral thermoregulation and slowed migration by adult fall
Chinook salmon in response to high Columbia River water. Transactions of the
American Fisheries Society 135:408-419.

Abstract.—The relationships between lower Columbia River water temperatures and
migration rates, temporary tributary use, and run timing of adult fall Chinook salmon
Oncorhynchus tshawytscha were studied using historical counts at dams and recently
collected radiotelemetry data. The results from more than 2,100 upriver bright fall
Chinook salmon radio-tagged over 6 years (1998, 2000—2004) showed that mean and
median migration rates through the lower Columbia River slowed significantly when
water temperatures were above about 20°C. Slowed migration was strongly associated
with temporary use of tributaries, which averaged 2—7°C cooler than the main stem. The
proportion of radio-tagged salmon using tributaries increased exponentially as Columbia
River temperatures rose within the year, and use was highest in the warmest years. The
historical passage data showed significant shifts in fall Chinook salmon run timing
distributions concomitant with Columbia River warming and consistent with increasing
use of thermal refugia. Collectively, these observations suggest that Columbia River fall
Chinook salmon predictably alter their migration behaviors in response to elevated
temperatures. Coolwater tributaries appear to represent critical habitat areas in warm
years, and we recommend that both main-stem thermal characteristics and areas of refuge

be considered when establishing regulations to protect summer and fall migrants.
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Abstract

. Examinations into the effects of high sub-lethal water temperature exposures on the
reproductive success of migrating anadromous fish were preformed. Investigations
included analysis of migration success and the subsequent embryo viability of steelhead
and fall Chinook salmon. Radio telemetry methods were used to study migration patterns
related to temperature, while viability tests were completed at Lyons Ferry, Nez Perce,
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and Dworshak Hatcheries. One hundred steelhead and one hundred Chinook salmon were
tagged at Ice Harbor Dam from July 2 to September 30, 2004. We recovered 88 of 200
external and 45 of 108 internal temperature tags released. Included in these, we recovered
both the external and internal temperature tags from 15 steelhead and 15 Chinook
salmon. Comparisons between these showed that internal body temperature tracked
external water temperature closely. Chinook salmon were exposed to temperatures as
high as 23.6°C, and had total migration temperature exposures as high as 19.2 degree
days above 20°C and 60.0 degree days above 18°C. Steelhead experienced temperatures
maximum temperatures of 24°C and had total migration temperature exposures as high as
15.7 degree days above 20°C and 48.8 degree days above 18°C. Migration temperature
exposures were highly correlated with release date and the temperature at Ice Harbor
Dam at the time of passage. Embryo mortality was tracked for thirty Fall Chinook, and
ranged from 1.11% to 19.84%, though one brood exhibited losses over 99% due to soft
shell disease. Total embryo mortality was tracked for six steelhead, and ranged from
5.67% to 81.21% with steelhead generally having higher losses than fall Chinook.
Embryo mortality data in relation to temperature exposures were analyzed for 13
Chinook salmon. The five fish with the highest temperature exposures above 20°C
exhibited five of the six highest embryo mortalities at the eye up stage and the button up
stage. A similar, but weaker, relationship was observed when temperature exposures were
calculated using an 18°C threshold.
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Cool-water releases from Dworshak may have conferred a benefit to upstream migrating
adults because during warm water temperatures salmonids face an increased risk of
disease, decreased swimming performance, increased energetic costs, and decreased
gamete production and viability. Colgrove and Wood (1966) reported outbreaks of
Chondrococcus columnaris in Fraser River sockeye salmon populations in which warm
temperatures played a role. Swimming activity used 84% of total energy consumed by
upstream migrating sockeye salmon in the Fraser River and areas of difficult passage
(Hell’s Gate) and elevated water temperatures (21 °C) were energetically costly (Rand
and Hinch 1998). Warm temperatures can delay ovulation (Taranger and Hansen 1993)
and cause molecular changes in egg development (Jobling et al. 1995; King et al. 2003).
DeGaudemar and Beall (1998) found overripening of gametes in Atlantic salmon where
egg retention, egg mortality, egg infertility, and egg malformation increased significantly
with the number of days past ovulation. Low hatch rate (42% compared to 84% of other
stocks) of coho salmon from the Fairview stock in Lake Erie was thought to be due to
warm water temperatures affecting ovulation and egg maturation (Flett et al. 1996).
Coldwater refuges for fish are becoming a vital element in the survival of salmonids
during migration as mean water temperatures increase with changing climate, water- and
land-use practices. Changes in the hydrograph and increasing temperatures have caused
run timing changes in anadromous fish (Quinn and Adams 1996). Robards and Quinn
(2002) found changes in patterns of summer run steelhead in the Columbia River over the
past six decades where the bimodal distribution of the early and late run have become
closer together and less apparent. With increasing temperatures due to global warming
fish habitat will be lost (Keleher and Rahel 1996). Conditions in the Klamath basin for
salmonids have deteriorated where it is estimated that temperatures have been increasing
by 0.5 °C per decade since the 1960’s and the average length of mainstem river with cool
summer temperatures has decreased by 8.2 km per decade (Bartholow 2005). Based on
one global warming model, Meisner (1990) estimated that increases in temperature in
two southern Ontario streams would move thermal barriers causing 30 to 40% habitat
loss for brook trout. Several studies have found fish use pools, groundwater discharge,
and tributary inflows as thermal refugia (Snucins and Gunn 1995; Biro 1998; Torgersen
et al. 1999; Baigun 2003; Baird and Krueger 2003; Goniea et al. 2006; High et al. 2006).
Rainbow trout in northeast Oregon streams were found in coldwater patches that were 3
to 8 °C colder than ambient stream temperature from groundwater discharge when
temperatures ranged from 18 to 25 °C (Ebersole et al. 2001). Adult and juvenile steelhead
in Northern California were found in stratified pools that were 3.5 °C cooler than ambient
stream temperatures (Nielsen et al. 1994). In an analogous fashion, adults migrating
through the study reach of the Snake River used the cool water created by the Dworshak
releases. Interestingly, in the Clearwater River and near the confluence, individuals
selected warmer than average water temperatures when mean available model
temperatures were below the preferred temperatures reported in the literature (Figure 36).
Similarly, Matthews et al. (1994) found rainbow trout and brown trout using stratified
pools for thermal refuge in the North Fork of the American River, CA, though fish were
not found using the coldest available water.
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Overall the results and available literature suggest that migrating adult salmon and
steelhead find, use, and benefit from the cooler water that is available in Lower Granite
Reservoir during the cold water releases from Dworshak Dam. Consequently,
management of Dworshak releases should account for the effects of the releases on adult
salmonids as well juveniles. Importantly, there are few potential thermal refuges in the
lower Snake River (e.g. cold-water tributaries), highlighting the potential benefit of the
Dworshak releases to summer- and fall-run adult salmon and steelhead in the lower
Snake River.

Berman, C.H. and

T.P. Quinn.

1991.

Behavioral thermoregulation and homing by spring chinook salmon, Oncorhynchus
tshawytscha (Walbaum), in the Yakima River.

J. Fish Biology 39:301-312.

Temperature-sensitive radio transmitters were employed to study the patterns of
behavioural thermoregulation, habitat preference and movement of 19 adult spring
chinook salmon, Oncurhynchus tshawytscha (Walbaum), in the Yakima River. During the
4 months prior to spawning, fish maintained an average internal temperature 2.5°C
below ambient river temperature. This represented a 12 to 20% decrease in basal
metabolic demand or a saving of 17.3 to 29.9 calkg™ h™. Fish were most commonly
associated with islands, poois, and rock out-croppings along stream banks. Homing
behaviour appeared to be modified to optimize temperature regimes and energy
conservation. As the time of spawning approached, fish left thermal refuges and migrated
to spawning grounds upstream and downstream of refuge areas. Although spring chinook
salmon residing within cool-water refuges may be capable of mitigating sub-lethal
temperature effects, cool-water areas need to be abundant and available to the fish. The
availability of suitable thermal refuges and appropriate holding habitat within mainstem
rivers may affect long-term population survival.

Monitoring Adult Chinook Salmon, Rainbow Trout, and Steelhead
in Battle Creek, California, from March through October 2001
USFWS Report

Prepared by:

Matt R. Brown

Jess M. Newton

Holding location—Monitoring results indicate Chinook held in Battle Creek for about 4
months (from early June through early October) prior to spawning. Barrier weir
monitoring showed that 75% of unclipped Chinook migrating into Battle Creek had
passed the weir by 7 June. Stream surveys indicated that most Chinook did not spawn
until early October (see below). Therefore, we considered survey observations made
during July, August, and September to be during the holding period for spring Chinook in
2001.
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Spawning of potential spring Chinook may have been delayed as 95% of upper
Sacramento River spring run are reported to spawn by mid-September (Vogel and
Marine, 1991). On Mill Creek, the peak of spawning activity for spring Chinook was
estimated to be the last week of September and the first week of October (Harvey
Arrison, 2001). In Battle Creek, in previous years with better water temperatures, spring
Chinook began spawning by mid-September (RBFWO, unpublished data). In 2001,
Chinook holding in the South Fork may have delayed spawning because of unsuitably
high water temperatures and low flows. We observed redds in the South Fork being built
progressively farther downstream as the spawning season progressed. We observed the
first redd in the coolest water immediately below Coleman Diversion Dam (rm 2.5) on 18
September. At this time water temperatures for egg incubation were rated as fair at the
dam but very poor (lethal) downstream at Manton Road Bridge (rm 1.7). By the
following survey on 3 October, water temperature ratings had upgraded to good at the
dam and poor at the bridge and we observed new redds midway between the dam and the
bridge. On 16 October, our next survey, water temperatures at the bridge were rated as
good for egg incubation and we observed a new redd just downstream of the bridge.
Because spawning of potential spring Chinook holding in the South Fork was delayed,
their progeny would likely be mis-classified as fall Chinook juveniles according to length
criteria commonly used for upper Sacramento River juvenile Chinook. Overall, water
temperatures in 2001 were adequate for spring Chinook to successfully produce juveniles
but at a reduced number due to temperature-dependant spawner and egg mortality.

Our detection rate of live adult Chinook by stream surveys may have been higher on the
South Fork than on other reaches. Based on redd observations, we estimate a total
spawning population of 64 and our highest count of live Chinook during monthly stream
surveys was 27. Yet, when considering the South Fork only (Reach 3), redd-based
estimates and survey counts are much closer; 24 and 17, respectively. As noted
previously, differences in flow and geomorphology between reaches may be responsible
for differences in detection rate.

Venditti, David, Catherine Willard, Chris James, Paul Kline, Dan Baker, "Captive
Rearing '

Program for Salmon River Chinook Salmon", 2002 Annual Report, Project No.
199700100, 73

electronic pages, (BPA Report DOE/BP-00004002-4)

Chilled Water Experiments

A common thread linking previous releases of captive-reared Chinook salmon has been
that these fish have consistently spawned several weeks later than their naturally
produced counterparts (Hassemer et al. 1999, 2001; Venditti et al. 2002, 2003). In order
to address this shortcoming, additional water chilling capacity was added at Eagle in
2001 to assess if water temperature manipulations between the time maturing adults were
returned to freshwater and release could be used to advance their spawn timing. While we
could find no instances where this has been tested on Chinook salmon, there is a
substantial amount of literature describing the effect of temperature on the timing of
ovulation in other salmonid species. Elevated holding temperature prior to spawning has
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been shown to retard the onset of ovulation in rainbow trout O. mykiss (Pankhurst et al.
1996; Pankhurst and Thomas 1998; Davies and Bromage 2002), pink salmon O.
gorbuscha (Beacham and Murray 1988), Atlantic salmon (Taranger and Hansen 1993),
and Arctic charr Salvelinus alpinus (Gillet 1991; Jobling et al. 1995). However,
Henderson (1963) did not observe this relationship in eastern brook trout S. fontinalis.

State of California

The Resources Agency

Department of Water Resources

FINAL REPORT
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FERC Project No. 2100

JUNE 2004 :

Upon reaching spawning areas, adult female Chinook salmon excavate shallow
oval shaped depressions in appropriate gravel beds. The depressions, or nests,
are known as redds. The general belief is that each female Chinook salmon
constructs multiple redds, but observational data suggest one redd per female is
most typical (Crisp and Carling 1989; Neilson and Banford 1983). Spawning
occurs over several days, during which the female deposits up to five groups, or
pockets, of eggs into the redd and then covers them with gravel (Healey 1991).

The specialized life history of salmon restricts flexibility in the duration and timing
of the spawning cycle. Spawning salmon are temporally constrained, and
regardless of whether conditions are conducive to spawning, they eventually will
spawn or die. For example, during unseasonably warm years, salmon may
spawn well outside reported preferred, optimal, or suitable water temperature
ranges. Therefore, caution should be used in the interpretation and application of
water temperature index values derived from observations of spawning Chinook
salmon.

2.11 PRE-SPAWN MORTALITY

For purposes of this report, pre-spawn mortality is defined as the proportion of
females in the spawning escapement that dies prior to spawning. Typically, pre-
spawn mortality estimates are based on carcass survey data relying on direct
observation of carcass ovaries. The factors responsible for pre-spawn mortality
are poorly understood, although water temperature and disease appear to be
significant contributors (Healey 1991; McCullough 1999). Isolating the degree of
influence that water temperature and disease have on pre-spawn mortality rates
is difficult because water temperature and disease are likely only contributing
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factors. For example, spatial and temporal variation in ocean conditions can
strongly influence the physical condition of migrating salmonids. Migrating
salmon in poor condition are affected to a higher degree when exposed to
stressful conditions, and are more likely to die prior to spawning. Salmon in poor
condition also are more susceptible to disease. Salmon that die unspawned
represent an important loss to egg production, and potential decreased
escapement in subsequent years. Pre-spawn mortality rates are usually low, but
can vary across regions and through time. Shepard (1975) in Healey (1991)
reported a 19.1 percent pre-spawn mortality estimate for Bear River Chinook
salmon, and that 30 of 230 female Chinook salmon in the Babine River died
unspawned. In 1965, approximately 25 percent of Chinook salmori in a spawning
channel at Priest Rapids, Washington, died prior to spawning, reportedly due to a
protozoan infection of the gills (Pauley 1965, as cited in Healey 1991). In 1988,
DFG reported that in the Trinity River, pre-spawn mortality ranged from a high of
75 percent at the beginning of the spawning season, to a low of 23 percent in the
final weeks (Zuspan et al. 1991). The overall female Chinook salmon pre-
spawning mortality rate during the survey period was 44.9 percent. The
percentage of females that died prior to spawning in the American River ranged
from 3 percent in 1993 to 19 percent in 1995 (Williams 2001).

m -
6.6 PRE-SPAWN MORTALITY
Pre-spawn mortality estimates in the lower Feather River from 2000 through
2003 were high when compared to reported estimates from some other systems.
Observer bias may account for a small fraction of the high estimates because of
the subjective nature of the protocol, however there are likely other contributing
factors. In 1988, DFG reported that in the Trinity River pre-spawn mortality
ranged from a high of 75 percent at the beginning of the spawn, to a low of 23
percent in the final weeks (Zuspan et al. 1991). The overall female Chinook
salmon pre-spawning mortality rate during the survey period was 44.9 percent.
The percentage of females that died prior o spawning in the American River
reportedly ranged from 3 percent in 1993 to 19 percent in 1995 (Williams 2001).
Pre-spawn mortality rates reportedly were 60 percent and 87 percent on Battle
Creek in 2002 and 2003, respectively (pers. comm., C. Harvey-Arrison, 2004). In
the lower American River, 2003 pre-spawn mortality reportedly was at least 37
percent, and could possibly be higher if partially spawned fish are included
(Healey 2004). Pre-spawn morality in the Yuba River, however, was reported to
be less than 4 percent in 2003 (pers. comm., S. Theis, 2004). T. Heyne (2004)
reported that prespawn mortality rates in tributaries to the San Joaquin River
(Tuolumne, Stanislas, and Merced rivers) typically are 5 percent or less. In the
Sacramento River, pre-spawn mortality for fall and late-fall-run Chinook salmon
were as high as 13 percent in 1996, but was between 3 percent and 8 percent in
other years (Snider et al. 1999; Snider et al. 2000). From 2000 through 2003, the
pre-spawn mortality estimate in the LFC and HFC averaged approximately 42.5
and 39.7 percent, respectively. The average prespawn mortality rate combining
all study years and both reaches was approximately 41.1 percent. For all years
and both reaches, 70-100 percent of carcasses inspected in the first four weeks
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(September 2 through October 4) were determined to have died prior to
spawning. The high estimates during the beginning of the spawning period are of
particular concern because federally threatened CV ESU spring-run Chinook
salmon may contribute to the initial spawners. The Feather River Hatchery
designates all adult salmon arriving up to October 1 as spring-run Chinook
salmon, and all fish arriving after October 1 as fall-run Chinook salmon (DFG
1998b). The general belief is that hatchery fish are less genetically fit, and are
more susceptible to stressors than are wild fish (Reisenbichler and Mclintyre
1977, as cited by McCullough 1999). If this is the case, then it may be that most
of the pre-spawn mortality in September in the lower Feather River is attributable
to the less resistant hatchery spring-run Chinook salmon. In 2000, 2001, 2002,
and 2003, the percentage of inspected carcasses that had an adipose fin clip
was approximately 3.1 percent, 4.7 percent, 7.9 percent, and 6.8 percent,
respectively. For all years combined, the percentage of inspected carcasses that
had an adipose fin clip was 5.6 percent. The percentage of inspected carcasses
that had and adipose fin clip in September in 2000, 2001, 2002, and 2003 was
approximately 9.2, 12.5, 16.3 percent, and 12.4 percent, respectively. The
Feather River Hatchery does not clip all hatchery reared Chinook salmon
released into the lower Feather River. The origin of non-clipped salmon is
therefore uncertain. Hankin (1982) suggested implementation of several hatchery
practices that would allow the discrimination of wild and hatchery fish, most
notably for hatcheries to distinctly mark a constant proportion of releases from
year to year. Hankin (1982) stated that annual variation in. marking proportions
rules out later discrimination between returns of hatchery and wild fish. Data from
the Feather River Hatchery concerning the proportion of releases distinctly
marked were unavailable, but it is unlikely the proportions were constant during
those years that would affect the results from this study. Therefore, estimating
the proportion of pre-spawn mortality accounted for by naturally spawned spring-
run Chinook salmon in the lower Feather River, given available data, is not
possible.
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2.2.4 Temperature and Habitat Use

Temperature appears to regulate the duration of shoreline residence and downriver movement of the fish.
Subyearlings appeared to be distributed primarily along the shoreline of the reservoir during their early rearing
period in the reservoirs and pelagically criented once shoreline temperatures exceed €4 to 68 °F (18 to 20 °C).
Based on results from 1987, 1990, 1991, and 1992, duration of littoral rearing was longer in the cooler years [i.e.,
producing higher runoff flows (Curet, 1993)]. Littoral rearing differed from 48 days in 1992 to 84 days in 1991. In
1990 and 19381, when shoreline temperatures remained below 64 °F (18 °C) until mid to late June, subyearlings
remained along the shoreline until late June. Peak abundance along the shoreline of the reservoir occurred in late
May to early June, 2 weeks later than in 1987 and 1992, which were lower flow years of more rapidly warming
shoreline temperatures. As increasing water temperatures result in water too warm for shoreline rearing,
subyearlings may move offshore into deeper, faster areas where they rear until commencing their downriver
migration.

[ T
Connor, W.P., ].G. Sneva, K.F. Tiffan, R.K. Steinhorst, and D. Ross. 2005. Two
Alternative Juvenile Life History Types for Fall Chinook Salmon in the Snake River
Basin. Transactions of the American Fisheries Society 134:291-304.

Summer flow augmentation provides the highest
level of protection for the later-mugrating fall Chi-
nook salmon juveniles that are most likely 1o ex-
hibit the reservoir-type juvenile life history (Con-
nor et al. 2002, 2003c). Given the lack of thermal
refuge in the contemporary spawning areas, mof-
tality of these later-migrating fish would be high
without summer flow augmentation (range of es-
timates, 78-87%; Connor et al. 2003¢). Therefore,
we believe that the reservoir-type juvenile life his-
tary is a successful response to large-scale changes
in historical habitat that hias been enabled or at
least enbanced by summer flow augmentation. We
also sugpest that the decision by managers to save
somme water 1n July and August for release in Sep-
tember should further eshance the reservoir-type
juventle life history, provided this deciston does
not result in temperatures above 20°C in Lower
Grantte Reservoir during July and August.

Salinger, D.H. and J.J. Anderson. 2006. Effects of Water Temperature and Flow on
Adult Salmon Migration Swim Speed and Delay. Trans. Am. Fish. Soc. 135(1):188-199.
The effects of temperature and flow on the migration of adult Chinook salmon
Oncorhynchus tshawytscha and steelhead O. mykiss through the Columbia River
hydrosystem were determined with a novel technique that fits a broken linear model of
swim speed versus temperature and flow by partitioning data into speed ranks. Using the
migration times of passive integrated transponder (PIT)-tagged adult Chinook salmon
upstream between Bonneville and Lower Granite dams (462 km) over the years 1998—
2002, we found that a maximum swim speed of about 1 body length/s occurred at 16.3°C.
Speed was less above and below this optimum temperature. For PIT-tagged steelhead,
migration speed uniformly decreased with increasing temperature, suggesting that the
fish migrated at temperatures above the optimum. Migration delay was also a unimodal
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function of temperature, the minimum delay occurring around 16—17°C. The broken
linear model was compared with seven alternative models of unimodal and monotonic
speed versus temperature and flow. The unimodal models fit the data better than the
monotonic models (when ranked by the Akaike information criterion), and the broken
linear model fit the data best. Flow was insignificant in all of the monotonic models and
only marginally significant in the unimodal models. The findings of this study have
significance in evaluating the effects of hydrosystem operations and climate change on
salmon and steelhead fitness.

Be;;ejikian, Barry, "Research on Captive Broodstock Programs for Pacific Salmon”,
2004-2005 Annual Report, Project No. 199305600, 162 electronic pages, (BPA Report
DOE/BP-00017690-1.

survival. Combined with pedigree analyses that estimate individual reproductive success,
the ability to quantify spawning frequency and spawn timing of individual fish will
improve estimates of natural selection on those characters. For example, adult salmon
may experience selective mortality after reaching the spawning grounds and fail to spawn
{Quinn and Kinnison 1999). Spawn timing affects emergence timing and may
consequently affect offspring growth and survival (Einum and Fleming 2000). Observing
or remotely detecting actual spawning events in natural streams would replace less

precise surrogate estimates of spawn timing such as migration timing {Seamons et al.
2004).

There is growing evidence that rearing temperatures can alter the timing of spawning as
well as gamete quality (e.g. Taranger and Hansen 1993: Pankhurst et al. 1996; Pankdurst
and Thomas 1998; Taranger et al. 1999; King and Pankhurst 1999; Davies and Bromage
2002). Preliminary studies with Snake River spring Chinook salmon have shown that
chilling fresh water during the final months preceding spawning achieves a slight
advancement of spawning time {(Venditti et al. 2003). Extensive studies on Atlantic
salmon have shown advancement of spawn timing and improvements in egg quality with
reduced water temperatures (e.g. King et al. 2003). Given that rearing temperatures for
captive Snake River spring Chinook salmon in the captive broodstock programs may be
several degrees higher than they would experience in the ocean and river during the
upstream migration. it is plausible that rearing temperatures may underlie some of the
reproductive problents. Therefore, an experiment is being conducted to examine the
effects of reducing rearing temperature for 12 months in seawater and 2 to 4 months in .
fresh water on reprodustive performance of spring Chinook salmon. Since there may be
stock differences in response to temiperature, two stocks of fish are being used in this
experiment.
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Behavioral Thermoregulation and Slowed Migration by Adult Fall
Chinook Salmon in Response to High Columbia River
Water Temperatures

T ] } . . . 2
TroMmas M. GoNea.” Matmiew L. Kesrer, anp Treopore C. Brorzs

Haho Cooperative Fish and Wildlife Research Unit, Deparmment of Fish and Wildlife Resources.
University of Idaho, Moscow, Idahe 83844-1141, USA

_ ChristopHER A. PEERY* aND Davip H. BesnerT
Departmeni of Fish and Wildlife Resources, University of daho, Moscow, Idaho 83844-1136, USA

LowesL C. STUEHRENBERG

Abstract—The relationships between lower Columbia River water temperatures and migmtion rates,
temporary tribvatary use, and ran tinkng of aduait fall Chinook salmon Oncorfynchus tshawyischa were studied
using historical connts &t dams and recently collected radiotelemetry data. The results from more than 2, H0
upriver bright fall Chinook salmon redio-tagged over § years {1998, 2000-2004} showed that mean and
median migration rates through the lower Columbia River slowed significantly when water temperatares were
above about 20°C. Slowed migration was strongly associated with temporary use of tributaries, which
averaged 2-7°C cooler than the main stem. The proportion of mdio-tagged salmon using tributaries increased
exponentially as Columbia River temperatures rose within the year, and use was highest in the wannest years.
The historical passage data showed significant shifts in fall Chinook salmon rur timing distributions
concomitant with Columbia River warming and consistent with increasing use of thermal refugia
Collectively, these observations suggest that Columbia River fall Chinonk salmon predicmbly alter their
migration behaviors in response to elevated temperatres. Coeolwater tributaries appear to represent critical
habitat sreas in warm years, and we recomumend that both mwin-stem thermal charscteristics and areas of
vefupe be considered when establishing regulations to protect summer and fall migrants.

Richard S. Brown and David R. Geist. 2002. Determination of Swimming Speeds and
Energetic Demands of Upriver Migrating Fall Chinook Salmon (Oncorhynchus
tshawytscha) in the Klickitat River, Washington. PNNL-13975. Submitted to Bonneville
Power Administration. Project Number 22063, Contract 42663A.
The study also examined energy costs and swimming speeds for fish released above Lyle
Falls as they nugrated to upstream spawning areas. This journey averaged 1593 days to travel a
niean maximum of 37.6 ki upstream at a total energy cost of approx 2.971 keals (34% anacrobic
and 56% aerobic) for a sample of five fish. A bicenergetics example was run, which estimated
that fall chinook salmon would expend an estinated 1,208 keal to pass from the mouth of the
Columbia Riaver to Bomeville Dam and874 keals to pass Bonneville Dam and pool and the three
falls on the Lower Klickitat River, plus an additional 2,770 kcals above the falls to reach the
spawning grounds, leaving them with approximately 18% (1,089 keals) of their original energy
reserves for spawnine. Results of the bioenergetics example suggest that a delav of 9 to 11 days
along the lower Klickitat River may deplete therr remaining energy reserves (at a rate of about
105 kcal d'}} resuling 10 death before spawning would occur.

Note: if a 9-11 day migration delay risks death to Klickitat fall Chinook, the extensive
delays and fallback rates on the Snake River are likely to cause more serious
mortalities, bioenergetic stress, and inability to delay spawning time to accommodate
the 3-week shift in temperature peaks.
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- Richards, M. 1959. Snake river fall Chinook spawning ground survey, 1959.
Idaho Department of Fish and Game.

SNAKB RIVER PALL CHINOOR SPAWNING GROUND SURVEY,
, - 1939 _

DISEASE

During the 1958 survey, a relatively large numbexr of fish wag cbaarved to
have lesions typical of columnaris. This condition was again observed early in
the 1959 survey and, during the remainder of tha survey, fish bearing lesions’
typical of columnaris, in sample, were recorded,  The sample was limited to-
‘carcasses fresh enough that accu{7ta decarmtnatlons could be made and to carcasses
chacked by a qualified obsarver.>’ A sample of 74 dead f£ish showad the typical
lesions to be present ia 77,0 per cent of the fish sampled, Of 33 dead fish
samplad and classified as to size and sex, 100 per cent of the adult gales and of
the femsles and 63.3 per cent of the jacks had lesions typical of columnaris,

Tabla 1,--Fall chinook salmon counts, by month,
_-Brownlee Dam, 1957 and Oxbow Dam, 1958 and 1959

Month 1957 1958 1959 .
_Ansust o .63 S -1'
‘September 3,317 - 4,732
“ October 10,686 - 9,285
November - - 643 60
Deggmber - ;“ 43 » 'Q
fTét&ls{‘;g_ ;215,952‘ 14,6?8v

[daho Department of Fish and Game. 1960.
SNAXE, RIVER FALL cmogcsmwnm GROUND SHR'VEI

P
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" A saapla of 37 desd fish showed typical g;ul lesions to be prosent in
62.2 pex can‘b of 'bhe fish samples, Fumber and per cenf. of anpled fish with
g1 lesions typical of colummaris, by sex and by sice clasaif:_lcatioq for
males, are shown in Table 7. I ' )

- A total of three fish were found ‘with oharacterieﬁ.c symptoms of
furunculosia.

4

Based on the spawning ground sample,. Jacks (anmmad 'bwn-yodr' old fish)

comprised 15,1 per cent of the 1960 run, Because of ﬂucmﬁng sizes of

Tahle-9,s-Hompsvison of aize of parent run and, calculated nmor of- retming
M-M old;ﬁ.sh,km B:i,vw fall clﬂ.noek, 195?-196& |

' ﬁah comtéd wcmud no.

?mn‘km .—

_yl’ear u&dcmﬁ % e ) ags__twosyear olc
TR R Cwmes 319 ol ?7.0. |
8 "é 26'53'" Y‘ ?'1959 %:838' R "‘§:§§?,’ -
B e R 531 i Tms
Table 1.--!'a11 chinook aalmon connta, by mnth, | ’
azbwnan, 1960 ' .

“ugust

September 3,266

Qctober 1,462

November 125

December 2

A THREE YEAR STUDY
OF FALL CHINOOK SATLMON SPAWNING AREAS
IN SNAKE RIVER ABOVE HELLS CANTON DAM SITE

by

Paul D. Zinmex
Fishery Management Biologist

July 1950
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Rar;;;'t
FISH .iND WILDLIFR SERVICE
Region 1
Portland,Oregon

Ieo Ls Laythe, Reglonal Director

p. 10.

14. Boat cbservations conducted in Ociober were vory uns
satigfaghory for several rpasons, The nemrness of the observers
to the water, ®ilch residristed their vision to mbout ten feet on
either sids of tle Lwat, the rapid speed of travel over ths riffle
aready and the strong winds and overcast sky sall contribubed te
mels A zeourste count of nests imposaivle, In contrast to this
it was fund thet eerial cosservotions wers not sariously affected
by the strong winds, overcast sky or ony of the otiier factors
thot had se influenced the boat survey, Uecause of the excagﬁion;
ally clear woter which prevailed throughout the entire pér-iud of
osorial observations oll neste were olearly visible to the nerinl
obaerver ot the time of the Novembor count. It was congidered
that the total nests counted on llovem’;zar 6 revresented nll of the

spavning which hed proviomsly ogourred, Zis....  a § 7 o deps ‘5,"*:&"‘3‘“
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- p 11
Teble 3,  SUMARY OF SPAGHING-3ED OBSERVATIONS OF 19L7

$ 3 : ] : Hours
:  Seotion of  1Viei- sHumber of sMethod of: Spent in
: River thility :Hests ob~:Counting : (bservie
Dote ¢ Exomined tin woter :aerved }_/ : Hesta & tion
Oot. % Vieinity of Poay % Pronm bonk 6
Hurphy Bridge
Oose 35  Swan Falls to Poor 13 Hoot B
Murphy Jridge
Octs 37  Murphy Bridge Poor o Boot 8
to 10 miles
above ¥rnraing
Bridgs
Octe L7 Swnn Falls to Fxocele
Yaraing Bridge lant 1390 FPlane 3
Cobe 17 Morsing Bridge  Excel- 0 Plono %
to Uoimer lent
Hov, 6 Swen Fulls to Exoel- 3311 Plans 3
Murphr Bridge lent : '
Nov. & lurphy 3ridge  fxcels L83 Plone 2
to lent
- ¥rrsing Bridze
Nov., 6 lpraing Bridge  Excele 10 Flane 2
to Tleiser lent
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p. 17.

20,

Snorbly after Ostober 18, 164G, the river clenred up

and the nests wnde [rom then unii] Fovomber 22, the duate of the

spcord survey, were free of 511t and rondily distingnishebls from

those node ourlier,

On the date of the k tter surwey only those

nests wers gounted which wore clearly definted rud considered to

hove been made nfter Ostober 18, Totnl nosts counted in 1949

wos 3L, Table 5,

p- 18.
Tabje 5e  SUMARY OF SFAUNING-BED OBSERVATIONS COF 1gh9
- e . YT
' Section of : Vimie sRumber oftbethod of:Spent in
s River + bility :Wests ob-:Coumbing :Obserwa-
ot 1 Exemined 3 in water :gerved _,,/ s Neats itiom
den, 28 Swan Falla 4o Pair 8 Plans 2
fvrphy Bridge
Jcs, 18 turphy ridgs  Fair 13 Plane 1
Yo Yarsing :
ks 18 Marsiag to Fair 0 Flane 3
Weiger
dovs, 22 Swan Wells ;m Good W lans 25
Furphy 3id e
Tov. 2% ¥uwrnhy ridae food 38 Plane e
to Lessing
Hev. @2 Marsiog tu good 5 Flaue 3

Vaiger
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SUMMARY
27, Bxosllent spewning end reering conditions for fall
chinook salmon are present ia the section of Snake River betwsen
upper end of Hells Canyon anmd Swen Falis, Ydsho,
28, It appears from the information nvniledle thot the

spavning period of fall chinook sclmon in the Snake River above

Hells Croyon Dom site starts in lnte Septomber or early October
awd is completed by sarly Decembar,

Olson, P.A.,

R.E. Nakatani, and T. Meekin.

1970.

Effects of thermal increments on eggs and young of Columbia River fall chinook.
Battelle Memorial Inst., Pac. Northwest Lab. Rep. BNWL-1538, Richland, WA. 23 p.-t8
tables and 25 figures [QL 639.25, .E4441 1970]

Serieg III (November 23 Spawning)

The apparent tolerance of this series to high temperature increments
was greater than the preceding two because of the rapid decrease pf Columbia
River temperatures during the winter. Increments as high as 10.8 °F resulted
in low total mortalities of 10.3 percent, well within the range of noxmal
hatchery production., Excessive mortalities were evident only at the greatest
increment tested (12.8 °F). An addition of 2 °F over the 10.8 °F increment
of Lot 6 resulted in a drastic mortality inerease., Total mortalities revealed
un erratie pattern that was inconsistent with increasing temperature increments
up to 10.8 OF( Statisticel tests reflected the erratic results since
mortalties qf Lot 5 (+8.8 °F)} were not significantly greater than Lot 1 vhereas
losses in the other lots {Lots 2,3 and 4) showed significantly greater
mortalities. Although temperature levels in these lots resulted in generally
low mortélities even with thermal increments sas great as 10.8 °F, the

erratic pattern shoved no consistent trend over this temperature range.
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p. 17.

Bacause of falling river temperatures after the start of the initial
experiment, successively later series tolerated greater thermai increments.
Temperatures 7.0 °F in excess of bagse river temperatures resulted in excessive
mortalities in Séries I (spawned Oct. 30) and 12.0 °F fesulted in total
mortality. However, a 12.5 °F {ncrement above river temperatures in Series IV
(spawned Dec. &) produced a mortality of only 12.4%, well within the range
of normal hatchery préduction. Temperature increments averaging 2.9 to

2.8 °F for Series T and IT {spawned Oct. 30 and Nov. 14) and 6.5 °F for Series IV

{spawned Dec. 8) did not significantly increase either totsl or Tish mortalities
over the coldest lots experiencing normal base river temperatures. Experimental
temperatures that produced no significant inecrease in the mortality of

these three series are shown in Pigure 25. Data from Series ITI (spawned No. 23)
were noi used because of erratic and hard-to-relate mortalitywtemperaturel

correlations.
p. 18.

egg mortalities elso experienced greater losses during the fry stage. Under
cocler, but still adverse Lémperature treatments, egg and fry mortalities
were not cbviously greater, but increased logses occurred primarily during

the critical transition period at commencement of active feeding. Once the
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Hanrahan, T.P.,

D.R. Geist, E.V. Arntzen, and C.S. Abernethy.

2004.

Effects of Hyporheic Exchange Flows on Egg Pocket Water Temperature in Snake River
Fall Chinook Salmon Spawning Areas.

PNNL-14850, Pacific Northwest National Laboratory, Richland, WA.

p. 1.1.

Prior to the construction of the Hells Canyon Complex of dams on the Snake River, fall Chinook
salmon {Oncoriynchus tshawytscha) migrated to their primary production areas between Marsmg, Idaho,
and Swan Falls, Idaho, approximately 300 niver kilometers (rkm} upstream of the present spawning areas
1 Hells Canyon (Dauble et al. 2003). Current fall Chunook salmon spawning areas in the Snake River
ocecur downstream of Hells Canyon Dam, which now 1s the upstream terminus for anadromous fish
nugration in the Snake River Basin. The historic spawning areas contained different water temperature
regimes than the present spawning areas. Consequently, water femperatures during the egg meubation
peried (~December-May) may have beexn relatively warmer in the historic production areas than in the
current spawning areas. Tius difference in femperature regimes may be the reason that fall Chinook
salmon from current production areas in the Hells Canyon Reach arrive at the Lower Granite Dam section
of the Snake River I to 4 weeks later than they did before development of the Hells Canyon Complex and
the four lower Snake River projects operated by the U.S. Army Corps of Engineers (INMFS 2000a;
Connor et al. 2001). :

The shift foward later emergence and migration requires smolis to migrate through downsiream
reservoirs during mid- to late-summer when environmental conditions are unfavorable for srvival
{Connor et al. 2001). The differential survival among cohorts of wild Snake River subyearling juventle
Chinook can be traced back to emergence tuning, with earlier emerging fish mugrating earlier through
Lower Granite Reservoir under conditions of higher flows and cooler water temperatures than later
emerging fish (Connor 1999). Later mugration puts juvenile migrants in reservoirs dunng periods when
water temperatires approach Chinook salmon’s thermal tolerance (NMFS 2000a). The delay also places
late arriving fall Chinook in unsuitable reservoir environments, and may increase their susceptibility to
predation.

p-1.2
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Recent research 1 the Hells Canryon Reach of the Snake Raver indicates that warm hyporheic water
upwells into fall Chinook salmon spawning areas (Geist et al. 1999; Arntzen et al. 2001). The magnitude
and duration of hyporheic water upwelling info these fall Chinook salmon spawning areas 1s inversely
refated to discharge from Hells Canyon Dam. During the October — December period when flows are
held stable to allow fall Chinook salmon fo spawn, the water temperature of the hyporheic zone 1s up fo
2°C warmer than the river water, and hydranlic gradients suggest upwelling potential into the river
channel. Under current operations by Idaho Power Company (IPC) and beginning m mid-October, the
discharge from Hells Canyon Dam 15 lowered and daily fluctuations are munmized o benefit spawning
fall Chinook salmon wiflin the mainstem Snake River. As discharge decreases, the magnitfude of
hyporheic upwelling potential at these areas increases (Geist ef al. 1999). The pertod of low, stable
discharge from Hells Canyon Dam ferminates at the end of the fall Chinook spawning period and the
discharge pattern reverts to those of prior operations (i.e., large, variable discharge cansed by power-
peaking operatiens). By early December (1.e., early i the egg incubation period), the upwelling
hyporheie water was 2°C warmer than the river water {Geist et al. 1999). It is likely that as incubation
progresses into February and Mareh, the difference in temperature between the hyporheic zone and the
river becomes greater than 2°C. However, there are currently no empirical data quantifying the surface
water—ground water interactions occurring during the fall Chinook salmon incubation and emergence
periods within Hells Canyon, and thus no way to substantiate this hypothesis.

p. 2.6 ) i )
L is the distance (cm) from the top of the piezometer screen to the riverbed surface. The VHG represents
a potential for upwelling from the hyporheic zone (positive VHG) or downwelling into the hyposheic
zone (negaitve VHG). Analyses of hydraulic gradients between the nver and riverbed were primarily
based on dh values. The dh values were used so that hydraulic gradients could be evatuated relative to the
mnecertamty error of the instraments (1.4 cm), which does not vary over the range of depths for which
they were used in this study. Differences in mean dh among sites and time period {spawning, early
p. 3.7

Each of the lower, middle, and upper segments of the study area included sites exhibiting both
upwelling and downwelling potential. Sites within the lower segment had a mean % ranging from -
0.1 em (0.7 cm SD) fo 1.6 em (0.4 cm SD) dwring the spawning period, from -6.9 cm (0.6 cm SD) fo
1.6 em (0.3 em SD) during the early incubation period, and from -0.6 cm (20.7 e SD) to 3.2 em
(0.9 cm SD) during the late incubation period (Figures 6 and 7). Within the middle segment, the range
of mean dh among sites was much larger, ranging from -1.0 cm (0.4 cm SD) to 4.7 em (0.5 em SD)
during the spawning pertod, from -1.5 cm (0.7 cm SD) to 4.6 em {£0.4 em SD) during the early
mcubation period, and from -1.0 cm (0.5 ¢cm SD) to 4.7 em (0.8 e SD) duning the late incubation
period {Figures 6 and 7). Sites within the upper segment alse had a large range of mean &, ranging from
0.3 em (0.7 em SD) to 3.4 em (0.6 cm SD) during the spawning period, from 0.2 em (£0.6 cm SD) fo
3.7 cm (£0.6 cm SD) during the easrly incubation period, and from -0.3 cm (1.6 cm SD) fo 3.1 em
(+1.2 cm SDj} during the late incubation period {Figures 6 and 7). Tests for differences in mean 4% among
all sites resulted 1 mdications of significant differences for nearly all sites n all time pertods {Tables 3
and 6). However, many of the differences i mean di were less than 1.5 em, which is approaching the
pressure transducer uncertainty error of £1.4 e

p.3.11
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Figure 8. Mean vertical hvdraulic gradient (VHG) between the river and shallow hyporheic zone ([3),
and between the river and deep hyporheic zone during (a) the spawning period
(20 Octaber 2002 — 2 December 2002), (b) the incubation period with low, stable discharge
(19 November 2002 — 7 January 2003), and {c) the incubation period with variable discharge
(8 January — 2 March 2003). Posttive values indicate upweiling potential while negative
values indicate downwelling potential.

p. 3.37

" Table 9. Summary of mean {+ standard deviation) water temperature {°C) in the river (R), egg pocket (EP), shaliow hyporheic zone (SH), and
deep hyporheic zone (DH) at each site during the early spawning period (20 October 200218 Noveniber 2002), the mid-to-late
spawning period and early incubation period {19 November—2 December 2002), the early incubation petiod with low, stable discharge
{19 November 2002-7 January 2003). and the incubation period with variable discharge (8 Janary—2 March 2003). The overlapping
time periods are provided for the separate analyses of fall Chinook salmon life stages {i.e., spawning and incubation).
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Apperdix Figure 14.

dh {em)

Time-geries summary of water temperature (rop panel) and river stage {bottom

panel) at site 244 5 during a period of low, stable rrver discharge (November 28 -

30, 2002). Average hourly water temperature 1s shown for the siver {+), egg
pocket (), shallow hyporheic (@) and deep hvporheic (A) zones. Average
hourly stage (depth) s shown for the rrver (+), and shallow hyporheic zone (@)

The difference between these two water depths {hyporhesc minus river) 15 plotted
on the Y-right axts as ah (—), with positive values indicating upwelling potential.
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Figure 6.1-3. Measured and estimated historic (EHist) temperatures in degree
Centigrade (*C) in the Snake River inflow to Brownlee Reservoir for
medium {1895}, high (1997) and low {2002) watler years.

2002

Temperature "C

T
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Figure 6.14. Measured Hells Canyon Complex {HCC) outflow temperaiures in degree
Centigrade ("C) and estimated historic {EHist} inflow temperatures in the
Snake River for medium (11895), high {1997} and low (2002) water years.
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Figure 6.1-8. Modeled Hells Canyon Complex outflow temperatures in degres
Centigrade {°C) using current (baseline) and estimated historic {EHist)
{femperatures inflow to Brownlee Reservoir for low water years {1992,

1894 and 2002},
p. 385.
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Figure 3.6.4 a. Post-construction daily mean water temperature data for the Snake River above
and below the Hells Canyon Complex dams. {Saimonid spawning periods (boxes} for the Snake River
helow Hells Canyon Dam are displayed specific to falf chinock in this reach.)

Hanrahan et al. (2004)

p. 1.1
current spawning areas. s difference m temperature regimes may be the reason that fall Chinook
salmon from current production areas i the Hells Canyon Reach armive at thie Lower Granite Dam section
of the Snake River 1 fo 4 weeks later than they did before development of the Hells Canyon Complex and
the four lower Snake River projects operated by tle U.S. Army Corps of Engineers (NMFS 2000a;
Connor ef al. 2001).
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Geist, D. and A.Currie. 2006. Evaluation of Salmon Spawning below the Four
Lowermost Columbia River Dams", 2004-2005 Annual Report, Project No. 199900301,
59 electronic pages,(BPA Report DOE/BP-00000652-32).

Examination of temperature data reveals several important patterns. Piezometer sites differ in the
direction of vertical flow between surface and subsurface water. Bed temperatures in upwelling areas are
more stable during salmon spawning and incubation than in downwelling areas. Bed temperatures in
downwelling areas generally reflect river temperatures. Chum and fall Chinook salmon spawning is
spatially segregated, with chum salmon in upwelling areas and fall Chinook salmon in downwelling
areas. Although these general patterns remain similar among years, differences also exist that are
dependent on interannual flow characteristics.

Plot below is from data sent to ODEQ by IPC for measured temperatures at RM248 and
RM345 in 2002. Graph produced by McCullough (CRITFC) from IPC data.
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[Tdaho Power Company (IPC). 2007. Section 401 water quality certification application.
Hells Canyon Complex. FERC No. 1971. Submitted to Idaho Department of
Environmental Quality and Oregon Department of Environmental Quality. January 31,
2007. ]

The FERC project boundary for the HCC extends from just above Porter Island [River
Mile (RM) 343], within Malheur County in the State of Oregon, about five miles
northwest of Weiser, [daho, to Hells Canyon Dam (RM 247.6) in Wallowa County,
Oregon (Figure 1.1-1). (IPC 2007).
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Measurements at Brownlee Dam showed unmixed conditions at the bridge (113%-—
138%), mixed conditions about four miles downstream of the dam (135%) (river mile
280.4)....

272.8 Oxbow Dam

(RM 345.6) and outflow from Hells Canyon Dam (RM 247.6).
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Figure 6.1-6. Madeled Hells Canyon Complex oufflow temperatures in degree

Centigrade (°C) using current (baseline) and estimated historic (EHist)
temperatures inflow to Brownlee Reservolr for low water years {1982,
1994 and 2002).

Hydro Projects upstream of HCC—data from
www.nww.usace.army.mil/html/offices/pa/WRD-ID99.pdf
. http://www.nwcouncil.org/maps/power/Default.htm

Lucky Peak (101mw Hydro)
Owner: Boise Proj. Board of Control, started 1988

Swan Falls (25mw Hydro)

Owner: Idaho Power Co., started 1901. Acquired by IPC in 1916.
Reservoir holds 7,425 acre feet; at RM457

C.J. Strike (82mw Hydro)
Owner: Idaho Power Co., started 1952
Reservoir holds 247,000 acre-feet; at RM494

Bliss (75mw Hydro)
Owner: 1daho Power Co., started 1949
Reservoir holds 8,415 acre-feet; at RM 560
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Lower Salmon Falls (60mw Hydro)
Owner: Idaho Power Co., started 1910, rebuilt 1949.
Reservoir holds 10,900 acre-feet.

Upper Salmon Dam
Owner:_Idaho Power Co.
Reservoir holds 600 acre-feet; at RM 580

Lower and Upper Malad Dams

Owner:_Idaho Power Co., built 1911

Upper Malad project on Malad River at RM 2.1; Lower Malad project on Snake River at
RM 571.2

Twin Falls A & B (52mw Hydro)
Owner:_ Idaho Power Co., started 1935; updated in 1995
Reservoir holds 955 acre-feet

Milner A (58mw Hydro)
Owner: Idaho Power Co., started 1992; in operation as an irrigation project since 1905.
Reservoir holds 39,000 acre-feet.

American Falls (92mw Hydro)

Owner: Idaho Power Co. financed, operated by USBOR

Original dam was an earthen dam built in 1927; reconstructed between 1976-1978.
Reservoir holds 1,671,300 acre-feet; at RM 715.

Thousand Springs Dam
Owner: Idaho Power Co.; built 1912, updated 1921.
8.8 mw;

Clear Lake Power Plant
Owner: 1daho Power Co.; build 1937
at RM 593

Shoshone Falls Dam
Owner: Idaho Power Co.; build 1907, rebuilt 1921.
Reservoir holds 1,500 acre feet; at RM 615

Palisades (118mw Hydro)
Owner: U.S. Bureau of Reclamation, started 1957

Minidoka (27mw Hydro)

Owner: U.S. Bureau of Reclamation, started 1906

Capacity at Elev: 4245.0 fi, Usable storage of 210,000 acre-feet
at RM675.
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Upstream migration rates of radio-tagged adult
Chinook salmon in riverine habitats of the Columbia
River basin

M. L. Keerer®t, C. A. Peery™®, M. A. JEPSON™ AND
L. C. STUEHRENBERG]

. Journal of Fish Biology (2004) 65,1126-1141
Oncorhvnchus gorbuscha (Walbaum) (Smoker ef al., 1998) salmon. Strategies
for optimal adult arrival range from very early migration and long freshwater
residence {e.g. some steelhead and Atlantic salmon stocks) to rapid migration by
mature fishes just prior to spawning [e.g. some Columbia River autumn (fall)
Chinook salmon]. With either strategy, arrival at the most suitable time can lead
to reproductive advantages for individual fish, such as selection of prime spawn-
ing sites and safc holding positions, and improved overall population fitness
(Hawkins & Smith, 1986; Smoker er al., 1998). Alternatively, fishes entering the
river relatively late within each run face reduced mating opportunities if they
reach the spawning grounds after most spawning activity has occurred. These
fishes may swim more rapidly, irrespective of discharge or temperature to reach
spawning grounds before the window of opportunity for spawning closes. The
observed scasonal increase in spring-summer Chinook salmon migration rates
may incorporate a varicty of these mechanisms, though the contribution of eiach
remains unknown.

. consequences for overall survival. Longer adult exposure to elevated temperatures
may result in higher prespawn mortality (Gilhousen, 1990; Dauble & Mucller,
2000; C.B. Schreck, J.C. Snelling. R.E. Ewing, C.S. Bradford, L.E. Davis &
C.H. Slater. pers. comm.) or reduced gonadal development or egg viability
(Kinnison ¢ of., 2001). Further rescarch on the rclationships between river
discharge and temperature, migration rates, spawning success and juvenile
recruttment are recommended for managers interested in protection and enhance-
ment ol extant stocks.
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Late-season mortality during migration
of radio-tagged adult sockeye salmon
(Oncorhynchus nerka) in the Columbia River

George P. Naughton, Christopher C. Caudill, Matthew L. Keefer,
Theodore C. Bjornn, Lowell C. Stuehrenberg, and Christopher A. Peery

Abstract: We radio-tagged 577 adult sockeye salmon (OQucorfivachus werka) returning to the Columbia River in 1997
to determine how migration behuviors were related to migration success in an aliered river system. The probability of
successful migration declined dramatically for late-entry individuals, concomitant with declines in discharge and the on-
sct of stressful temperatures. Long dam passage times were not related to unsuccessful migration at most dams. How-
ever, when migration historics were analyzed across multiple dams or reservoirs, relatively slow migration was
signiticantly associated with unsuccessful migration, suggesting potential cumulative cffects. Median passage times at
dams were rapid (7.9-33.4 h), although 0.2%—-8% of salmon took more than 3 days to pass, Reservoir passage was
also rapid, averaging 36.8-61.3 km-day™!, and appeared to compensate for slowed migration at dams. Rates observed in
the unimpounded Hanford Reach suggest that total predam migration rates may have been similar o current rates.
Overall, our results suggest that cumuiative effects may be more important than negative effects of passage at single
dams and that hydrosystem alteration of temperature regimes in the migration corridor may have an important indirect
negative impact on adults.

Can. J. Fish. Aquat. Sci. 62: 3047 {2003)

Nonetheless, temperature was probably the primary factor
affecting migration success. Elevated water temperatures
during upstream migration have been linked to higher in-
river and prespawning mortality of sockeye salmon in the
Columbia Basin (Major and Mighell 1967} and the Fraser
River (Gilhousen 1990; Macdonald et al. 2000; Cooke et al.
2004). Adult exposure to elevated temperatures can increase
susceptibility to disease and compromise reproductive per-
formance (Coutant 1999; Torgersen et al. 1999} through in-
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creased metabolic demands (Rand and Hinch 19983, reduced
allocation to gonadal development (Kinnison et al. 2001),
and reduced egg viability (Berman and Quinn 1991). Ex-
tended exposure of adult salmonids to water temperatures
>18 “C may increase the risk of prespawning mortality
{mortality after adults have reached spawning tributaries;
Becker and Fujihara 1978; Gilhousen 1990}, and tempera-
tures above 24 °C are lethal (Servizi and Jensen 1977).
Cooke et al. (2004) identified several mechanisms that may
have contributed to the dramatic in-river and prespawn mor-

tality observed i late-run sockeye salmon in the Fraser

River since 1995. While underlying causes of mortality are
still unclear in the Fraser River, it is likely that temperature
plays a direct or indirect role because the high mortality has
been observed in a portion of the run entering the river more
than 6 weeks earlier in the season than the historical pattern,
shifting migration to a period of warmer water temperatures
in August (Cooke et al. 2004). In our study, the precipitous
drop in migration success occurred for sockeye salmon tagged
after the second week of July as temperatures at Bonneville
Dam and elsewhere in the drainage exceeded 20 °C.

the late period did not die immediately after release. Finally,
we estimated survival for sockeye salmon migrating during
these two periods using dam count data from Bonneville and
Rock Island dams and assuming a 16-day passage time be-
tween these dams (the mean migration time observed for
sockeye salmon tagged on 4-16 July). Although these esti-
mates have several potential sources of error, a large decline
in survival was also observed in the dam count sample, with
estimated migration success dropping from 94.2% to 56.3%
later in the summer. Taken together, ancillary evidence sug-
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Several mechanisms may have contributed to the observed

relationships among nmugration success, speed, and season.
First, the relationship between migration success and speed
could be direct, where slowed migration caused by dams re-
sulted in the expenditure of energy that slowed migration at
upstream projects and subsequently lowered the probability
of successtul migration. Alternatively, slow migration may
have resulted from poor initial physiological condition lead-
ing to slowed migration, increased thermal exposure, and
subsequent low probability of migration success. These two

Notably, the seasonal pattern of mortality may have been re-
lated o both factors. It is plausible that late-entry fish were
in relatively poor initial physiological state, perhaps having
delayed entry to continue ocean feeding, and this subse-
quently led to poor initial condition, slow migration rates,
increased thermal exposure, and low migration success.
Clearly, understanding the relationship between initial con-
dition and migration success is important in a management
context because the relative importance of each mechanism
will determine the effectiveness of management actions aimed
at improving passage conditions at dams — efforts to im-
prove passage at dams will provide little benefit il migration
success is primarily related to fish condition at river entry.

Regardless of mechanism, the observed pattern of sea-
sonal mortality suggests the potential for current selection on
run timing. The upstream migration of anadromous salmonids
is an energetically demanding part of the life cycle and its

initiation is largely governed by the interactions of waler

temperature., flow regime, and other factors that influence
maturation {Gilhousen 1990: Hodgson and Quinn 2002).
Substantial variation exists in the timing of spawning migra-
tions of North American sockeye salmon populations and 1s
thought (0 relate to temporal variation in both migratton
conditions For adults and spawning and rearing conditions in
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tributaries (Tagaki and Smith 1973; Merritt and Roberson
1986: Hodgson and Quinn 2002). For example, Columbia
River and interior British Columbia stocks of sockeye salmon
tend to enter fresh water before peak summer temperatures
and hold in spawning tributaries for 1 month or more before
fall spawning whereas coastal stocks migrate after peak tem-
peratures just prior to spawnmg (Gilhousen 1990; Hodgson
and Quinn 2002). Quinn and colleagues (Quinn and Adams
1996; Quinn et al. 1997; Hodgson and Quinn 2002) have
used dam counts and historical records to examine the rela-
tionships between run timing and environmental conditions.
They found that sockeye salmon passed Bonneville Dam
progressively earlier over the period 1949-1993, concomi-
tant with a progressive increase in the mean temperatures
that migrating adults experienced in the lower Columbia
River (Quinn and Adams 1996). Patterns of individual mor-
tality during 1997 in relation to run timing and temperature
were consistent with selection for earlier run timing within
these populations, as hypothesized by Quinn and Adams
{1996).

If such selection i1s real and leads to evolution of earlier
run timing, we speculate that the energetic costs of migra-
tion will increase in coming decades. Recent regional cli-
male projections predict increasingly early winter snowmelt,
tonger dry periods during summer, and later onset of fall
conditions {Parson et al. 2001} If true, these conditions
would lead to continued selection for early run timing in Co-
lumbia River sockeve and other spring-run salmonids. The
energelic costs of migration will likely increase because fish
will either hold without feeding in spawning tributaries [or
longer periods or experience higher temperatures during mi-
gration il populations do not respond to selection as rapidly
as conditions change or both. This increase in energetic cost
could lead to greater in-river or prespawn mortality, particu-
Jarly in warm years and for stocks migrating long distances.
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Technical Report — 2006-3

Water Temperatures in Adult Fishways at Mainstem Dams on the Snake and
Columbia Rivers: Phase 2 — Biological Effects.

by
Chuistopher C. Caudill, Tami S. Clabough, George P. Naughtou, Christopher A. Peery

Idaho Cooperative Fish and Wildlife Research Unit &
Department of Fish and Wildlife Resources
University of 1daho
Moscow, ID 83844-1 141

and .

Brian J. Burke
NOAA Fisheries
Climate projections for the interior Pacific Northiwest suggest higher sununer
temperatures, less winter snowpack, and consequently, longer, warmer simmers with lower
stream flows (e.g.. Mote et al. 2005, Stewart et al. 2005). These projections suggest that
management of the hydrosystem thermal regime will become increasingly important to the
recovery of Snake River sunmner and fall Chinook salinon and steelhead, particularly late
spring-early summer rns (e.g., summer Chinook) and early fall run groups that currently
experience the highest temperatures (e.g. Snake River A-mun steelhead). If current climate
predictions hold, modifications to fishways to ameliorate ladder temperature differences
could be an important component to the management of the Snake River Hydrosystem
thermal regime.

by
C. A. Peery and T. C. Bjornn
U. S. Geological Survey

Idaho Cooperative Fish and Wildiife Research Unit
University of Idaho, Moscow, ID 83844-1141

Technical Report 02-1

WATER TEMPERATURES AND PASSAGE OF ADULT SALMON AND STEELHEAD
IN THE LOWER SNAKE RIVER

58



conservative test results. Travel times between Ice Harbor and Lower Granite dams for
chinook salmon trended upward when temperatures at Lower Granite Dam were higher,
but trave! times between the two projects for steelhead were not significantly refated to
prevailing water temperatures. In short, we saw evidence that some chinook salmon
and steelhead would delay entry into the Snake River during warm water conditions and
some chinook salmon, but not steelhead, traveled slower through the lower Snake River
when water temperatures were high. In contrast to radio-telemetry data, there was a
relatively good correlation between when the first quartile of salmon and steelhead were
counted at lce Harbor and Lower Granite dams and water temperatures. Fish passed
the dams later on years when average summer-time water temperatures were high,
additional evidence that some salmon and steelhead will delay their upstream migration

to avoid warm water conditions.

The second behavioral response to water temperatures by salmon and steelhead we
saw was a delay by some fish in passing dams when temperatures were unfavorable,
when temperatures exceeded 20°C and when there was a noticeable difference in
temperatures between the tailrace and forebay surface, creating a sharp delineation

where these two sources of water met in the fishways. Ironically, this condition was

Hydrosystem, Dam, and Reservoir Passage Rates of Adult
Chinook Salmon and Steelhead in the Columbia and
Snake Rivers
MartHEW L. KEEFER.* CHRIsSTOPHER A. PEERY, THEODORE C. BrornN,!
AND MIcHAEL A. JEPSON
Idaho Cooperative Fish and Wildlife Research Unit, Biological Resources Division,

U.S. Geological Suivey, University of Idaho, Moscow, Idaho 83844-1141, US4
LowerL C. STUEHRENBERG?

Northnvest Fisheries Science Center, Nafional Marine Fisheries Service,
Seattle, Washington 98112-2097, USA

- Transactions of the American Fisheries Society 133:1413-1439, 2004
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Fall Chinook salmon migrations were charac-
terized by low discharge, especially in 2001, Mi-
gration rates from Bonneville Dam to McNary
Dam decreased significantly in 2001, but not sig-
nificantly in 2000, as discharge increased (Table
A.1). Fall Chinook migrated significantly faster as
temperatures decreased in 2000. The relationship
was parabolic in 2001; passage rates were lowest
when water temperatures were warmest and, again,
late in the migration when temperatures were low.

Fallback—For all years combined, 19% of
spring, 8% of swmmer, and 3% of fall Chinook
salmon fell back over and reascended a dam at
least once before passing McNary Dam (Table 4).

High water temperature during upstream migra-
tion has been linked to higher prespawning mor-
tality for spring Chinook salmon (Schreck et al.
1994), summer and fall Chinook salmon (Dauble
and Mueller 2000), and sockeye salmon (Major
and Mighelt 1967) within the Coluimbia River ba-
sin; sockeye salmon in the Fraser River. British
Columbia (Gilhousen 1990): and for steelhead in
several systems (Baigun et al. 2000). Maximum
river femperatures in all years of this study were
within the range that could block adulr migration
(McCullough et al. 2001). Exposure to elevated
water temperatures can increase susceptibility to
disease and compromise reproductive performance
through increased nietabolic demands. reduced al-
location to gonadal development. and reduced egg
viability (Berman and Quinn 1991; Rand and
Hinch 1998 Torgersen et al. 1999: Hinch and Rand
2000; Kinnison et al. 2001). In the Columbia basin.
use of thermai refngia may ameliorate some costs
of high main-stem temperatures. particularly for
steelhead that pass through the lower river 6-10
months before spawning. However. obligate mi-
grants, such as summer and fall Chinook, may be
compromised by temperature-related delays and
exposure to sublethal temperatures that could el-
evate metabolic costs. alter energy allocation, or
delay arrival at spawning grounds.
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dams. High water temperatures slow some mi-
grants, especially steelhead and fall Chinook salm-
on that pass through the lower river between July
and September. Studies that more fully examine
relationships between spawning success, migra-
tion delays. fallback. temporary straying, and sub-
lethal temperature exposure are needed to evaluate
the reproductive costs and population-level effects
of migration through the hydrosystem for adult
fish. Large-scale, multiyear felemetry studies us-

FINAL REPORT

STOCK ASSESSMENT OF COLUMBIA RIVER
ANADROMOUS SALMONIDS

VOLUME L CHINOOK. COHO, CHUM AND SOCKEYE SALMON STOCK SUMMARIES
by

Philip Howell
Kim Jones

Dennis Scarnecchia
] Oregon Department of Fish and Wildlife

SNAKE RIVER FALL CHINOOK

Sex ratio

Richarda (1961} obtained sex ratio information throughout the

spawning period and found it to be 0.5:1 male to female. He also found that

the ratio varied considerably among individual surveys.
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Daily Maximum Temperature at RM 247.8 (Hells Canyon Qutflow)
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Figure 3.6.2 e. Water temperatures for the Downst{ream Snake River segment (RM 247 to 188) of

the Snake River - Hells Canyon TMDL reach near Hells Canyon Dam.
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Temperatures at RM 247.6 on the Snake River below HCD durmg the winter-spring of 2002. Based on data provided by IPC to
ODEQ. Graph by McCullough (CRITFC, 2007).
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Lower Snake River Water Quality
And Post-Drawdown Temperature

And Biological Productivity Modeling Study

Prepared for:

Department of the Army

Walla Walla District

US Army Corps of Engineers
201 North Third Avenue

Walla Walla, Washington 99362

Prepared by:

Normandeau Associates, Incorporated
25 Nashua Road

Bedford, New Hampshire 03110-5500
and

Department of the Army

Walla Walla District

US Army Corps of Engineers

May 1999
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UNITED STATES OF AMERICA

FEDERAL ENERGY REGULATORY COMMISSION

)
Idaho Power Company ) Project No. 1971-079

) Hells Canyon Hydroelectric Project

)

) REVIEW OF THE JULY 2007
Application for New Major License ) WHITE PAPER SUBMITTED
Hells Canyon Project ) BY IDAHO POWER COMPANY
On the Snake River, Idaho ) - WRITTEN BY GROVES, ET AL

) BY DALE A. MCCULLOUGH

)

CERTIFICATE OF SERVICE

I hereby certify that I have this day complied with the Federal Energy Regulatory
Commission’s rules regarding service by serving this filing upon each person designated on
the official service list compiled by the Secretary in this proceeding.

P
Submitted this %)  day of Auy}l

e

, 2007.

Ryan S dbury _ J
Attorney for the Nez Pérce Tribe



